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Abstract
Smith, Christy DeBerry. Ed.D. The University of Memphis. December, 2016. An Evaluation of
Voluntary Pre-kindergarten (VPK) Participation on Third Grade Reading and Math Performance
in a Rural School System. Charisse Gulosino, Ph.D.

This study examined the longitudinal performance of a district-wide cohort of students who had
accumulated scores for both kindergarten and third grade analysis. The sample was
disaggregated by Pre-kindergarten participation and student demographics such as gender, age,
minority status, rural class, and socio-economic status. STAR Early Literacy, STAR Reading,
and STAR Math assessment scores were used for the data analysis. Sample data was collected
from the beginning of kindergarten and at the end of third grade.
Two types of analysis were conducted to complete the study. This study investigated the analysis
of student performance measures based on participation in a pre-kindergarten program as well as
the possible relationships and impact between those scores using the average treatment effect
model. The results demonstrate that in a t-test analysis there was no significant effect on
kindergarten scores or third grade reading. However, there was significant impact on third grade
math. Once the average treatment effect was applied, there was a significant effect in third grade
reading measures – both in student performance scores and domain level scores, but no major
impact in math.

iii

Table of Contents
Chapter

Page

1

Introduction
Background of the Study
Statement of Problem
Significance of Study
Limitations and Delimitations
Definitions

1
3
6
7
8
9

2

Review of Literature
Theories Applied to Pre-kindergarten Education
Policy Considerations to State Funded Pre-kindergarten Programs
Pre-kindergarten Studies and Effects
Model Program Studies
Evaluating State Funded Pre-kindergarten Programs
Conclusion to the Literature

12
14
16
30
32
33
37

3

Research Methodology
Instrumentation

39
46

4

Results
Summary

48
63

5

Summary and Conclusions
Implications
Recommendations
Recommendations for Further Research

64
68
70
72

References

75

Appendices
A. Map 1
B. Table A1
C. IRB Approval
D. Data Permission Letter

86
87
93
99

iv

List of Tables
Table

Page

1. Demographics of VPK and Non-VPK

45

2. Summary Statistics

49

3. Comparison of Means Test

50

4. Reading Achievement – Scaled Scores and Performance Measures

52

5. Reading Achievement – Scaled Scores and Domain Performance

54

6. Reading Achievement – Phonics and Domain Performance

56

7. Math Achievement – Scaled Scores and Performance Measures

58

8. Math Achievement – Scaled Scores and Domain Performance

60

9. Math Achievement – Early Numeracy and Domain Performance

62

10. Variable Names and Definitions

87

v

Chapter 1
Introduction
The No Child Left Behind Act (NCLB) encourages support for national and state levels
to provide all children with successful educational careers (Magnuson, Ruhm, & Waldfogel,
2008). Since the institution of NCLB, many states have enacted early childhood programs, such
as Pre-Kindergarten (Pre-K), in an effort to provide stronger foundations for students entering
the K-12 arena. There is strong evidence that suggests that children who participate in schoolbased Pre-Kindergarten (Pre-K) programs enter school at a higher readiness level than those who
do not (Center for Public Education, 2015). In 41 states offering access to Pre-Kindergarten, the
majority of programs are designed to serve specific subgroups of children who qualify under a
range of indicators such as socioeconomic status or primary home language (Barnett, Carolan,
Squires, & Brown, 2013). A need for supplemental readiness programming was brought to light
through business and industry acknowledging that some candidates for workplace employment
lack many of the necessary skills they need to be successful. According to Smith (2012), “A
major contributor to this problem is the fact that a large number of children have not achieved
reading proficiency before completing third grade” (p. 4).
Pre-Kindergarten programs were piloted in 1998 in Tennessee and legislation was passed
in 2005 to utilize lottery dollars for education. In 2014, Tennessee allocated $86,552,900 to Early
Childhood Education that provided partial financial support to 935 voluntary Pre-Kindergarten
classrooms for approximately 18,000 children in all 95 counties. These classrooms served
approximately 21% of four-year-olds in Tennessee. Competitive grants provide school districts
opportunities to provide early childhood services on a priority based enrollment procedure
(Tennessee Department of Education, 2015). This program is designed specifically for children
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who will be four years of age prior to August 15 of the new school year and reside in the area
served by the district. According to the Tennessee Department of Education, there are three tiers
for enrollment priority requirements:


1st Priority (Tier 1) - Pursuant to TN state law 49-6-101: students identified as
economically disadvantaged. This identification is based on income levels set each
year by the Department of Health and Human Services and used during the
application process to determine income eligibility for enrollment.



2nd Priority (Tier 2) - Students with disabilities, students identified as English
Language Learners (ELL), in state custody, or those identified as educationally at-risk
for failure due to circumstances of abuse or neglect.



3rd Priority (Tier 3) - If space for enrollment remains after identifying children who
meet Tier 1 or 2, the LEA may enroll any child that meets the age requirement and
the requirements set forth by the Community Pre-K Advisory Council (C-PAC).
These students are considered unserved or underserved and may be enrolled by the
process established by the C-PAC.

Tennessee initiated a voluntary Pre-Kindergarten grant application process that is
available to organizations through school districts. This program is not mandated for districts to
provide or for students to attend. There is a tiered approach listed above provides acceptance
guidelines of students who are chosen to participate in the program. The Tennessee Voluntary
Pre-Kindergarten (TN-VPK) Effectiveness Study, a coordinated effort between Vanderbilt
University's Peabody Research Institute and the Tennessee Department of Education, recently
concluded a study to review the effects of TN-VPK on reading and school readiness. It included
the first randomized control trial of a scaled-up state-funded Pre-K program. It also followed
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those children to determine if the effects were sustained and whether or not it improved those
students’ performance on the state achievement test (TCAP) in the third grade (Lipsey, Farran,
Bilbrey, Hofer, & Dong, 2011). The Vanderbilt research team found that children attending TNVPK made greater gains on a range of early achievement measures when compared to peers who
did not participate. By the end of kindergarten, however, there was no significant difference
between the TN-VPK group and the control group. By second grade, academic achievement in
both groups had diminished and fell below national norms. The final installment of the results
shows that this trend has continued through the third grade. Moreover, by the end of second
grade and continuing in third, the children who attended TN-VPK lag behind on many of the
achievement measures as the comparable children who did not attend VPK (Lipsey, Farran &
Hoffer, 2015a, 2015b).
Background of Study
Hardeman County School District is a rural Tennessee public school system that applied
for TN-VPK funds and was awarded 200 seats. Since there are some local funding requirements
to supplement the program, inquisition as to effectiveness helps shape policy and decisionmaking. With significant annual monetary allocations to a program, there is a need to determine
specific benefits to justify the cost and time invested in programs such as TN-VPK. “High
quality Pre-K programs also provide substantial cost savings to federal, state, and local
governments. Numerous studies have shown a reduced use of special education services and
lower grade retention among Pre-K participants” (Center for Public Education, 2015). There is
research to validate review and evaluations that high-quality early-childhood programs for at-risk
children have the ability to improve long-term academic achievement and reduce special
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education placement and grade retention (Brooks-Gunn, 2003; Farran, 2000; Vandell & Wolfe,
2000; and Waldfogel, 2002).
A 2011 study by the Wilder Foundation examined an Illinois program serving 90,000 3to 5-year-olds and found it generated an estimated $353 to $530 million in combined cost
savings and annual revenue over 23 years, including up to $40 million in savings for K12 schools, $259 million in reduced government spending and increased tax revenues,
$231 million in reduced social costs and $72 million in increased wages and tax revenues
from high school graduates in the labor force. (Annie E. Casey Foundation, 2013)
Fiscal, human, and capital investments have been made in Hardeman County School
District to provide early childhood education programming, TN-VPK access, to local students.
The district is located in western Tennessee and houses 10 of the 935 state Tennessee Voluntary
Pre-Kindergarten classrooms (see Map 1). These classrooms have been established in the district
since 2005. Very little assessment or benefit analysis has been conducted regarding the
effectiveness of these classrooms in either short-term or longitudinal timeframes (M. Shaw,
personal communication, February 24, 2015). With an emphasis on third-grade reading
achievement, due to annual measureable objectives established for each school by the Tennessee
Department of Education, there is a need to determine factors that may help contribute to
ensuring better chances for literacy success for those students. Tennessee has given priority to
third grade reading proficiency in terms of accountability. Beginning in the 2011-12 school year,
A student in the third grade may not be promoted to the next grade level unless the
student has shown a basic understanding of curriculum and ability to perform the skills
required in the subject of reading as demonstrated by the student’s grades or standardized
test results. Such student may be promoted if the student participates in a Local
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Education Agency (LEA) approved research-based intervention prior to the beginning of
the next school year. (Tennessee Code Annotated, 2014)
Thus, the overarching goal of this study is to identify the causal effect of participation in
Hardeman County’s VPK program. The study also seeks to examine dominant trends in the
overall pattern of achievement outcomes in reading and math for VPK and non-VPK students
and to determine if, overall, the district's VPK students demonstrate any clear differences in their
performance on third-grade assessments relative to their non-VPK peers, as measured by the
2014-15 STAR Reading and STAR Math assessments.
The initial population for the study began with all students who completed third grade in
the district. From that larger population, the sample is refined to include only those students who
were enrolled in the district and had performance scores in both kindergarten and third grade
years. The benchmark evaluation begins in kindergarten using Renaissance Learning’s STAR
Early Literacy assessment (2011-12 school year). After kindergarten, all students are assessed
with STAR Reading and STAR Math. According to Renaissance, STAR Early Literacy
Enterprise is a standards-based test that measures student performance in key early literacy and
early numeracy skills, providing valuable information regarding the acquisition of ability along a
continuum of expectations, while STAR Reading and STAR Math are standards-based
assessments in reading and mathematics.
The specific research questions are as follows:
1. Is there a significant difference in norm-referenced scores in STAR Math and
STAR Reading between third grade students who attended VPK and those
who did not?
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2. Is there a significant difference in each of the five reading domains of the
STAR Reading between third grade students who attended VPK and those
who did not?
3. Is there a significant difference in each of the five math domains of the STAR
Math between third grade students who attended VPK and those who did not?
4. What is the average treatment effect of VPK participation on reading and
math achievement outcomes in the third grade, as proxied by STAR Reading
and Math norm-referenced scores?
5. What is the average treatment effect of VPK participation on STAR Reading’s
five content domains in the third grade?
6. What is the average treatment effect of VPK participation on STAR Math's
five content domains in the third grade?
Statement of the Problem
The purpose of this study is to evaluate whether a difference in student performance
scores exists between two groups of students who attended Hardeman County School District:
those who participated in VPK and those who did not as determined by performance data in the
years 2012 and 2015 in STAR Reading and STAR Math assessments. There has previously been
no formal district-wide assessment regarding the effectiveness or impact of Pre-Kindergarten in
the district. This leads to a gap in data analysis and cost-benefit return information. Although
there are multiple studies in the realm of Pre-Kindergarten effectiveness, no evaluation has been
conducted on the Hardeman County School District VPK.
When taking into account the types of variables and pre-existing conditions that exist, a
quasi-experimental design is utilized. A comparison of means test is used initially. Next, average
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treatment effect is used to analyze the causal effect of a binary variable on an outcome variable.
The analysis is conducted using VPK and non-VPK participants in terms of their SES, race, age,
and early literacy and math (specifically, STAR Early Literacy and STAR Early Numeracy) at
the entrance of kindergarten for the fall 2011-2012 school year. The final sample from the
population will be analyzed in terms of norm-referenced scores at the end of third grade for the
2014-2015 school year, as well as, domain scores to provide a more in depth analysis of
performance.
Significance of the study
In 2016, Tennessee reconfigured the Pre-Kindergarten grant application process. There is
greater emphasis on student outcomes, program accountability, and community partnerships.
Approximately $6.2 billion in state funding has been provided for Pre-Kindergarten programs
serving almost 1.4 million children across the nation (NIEER, 2015). With this amount of fiscal
resources being allocated to early childhood programs, the importance of evaluating
effectiveness is greatly needed to ensure the programs are providing students with the
foundations they need for school readiness.
This study adds to the body of research on early childhood education in general,
especially from an evaluation perspective. Numerous prior studies have shown positive effects of
Pre-Kindergarten, ranging from increased reading proficiency to lower dropout rates and
decreased special education eligibilities. Recently, a randomized control experiment was
conducted specifically on the Tennessee Voluntary Pre-Kindergarten initiative that found a fadeout effect by the end of third grade. With results that show somewhat different outcomes,
conducting a similar, but not replicated study, which uses average treatment effect specific to a
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rural school district would provide additional information to the administrators regarding the
impact of the local program.
According to the National Center for Education Statistics (2013), “in 2010-11, more than
half of all operating regular school districts were located in rural areas (57 percent), while 20
percent of districts were located in suburban areas, 18 percent in towns, and 5 percent in cities.”
The report on the status of rural education also shows that students in fourth grade classified in
rural areas scored lower than those in suburban areas but higher than those in towns and cities in
both reading and math on NAEP (National Center for Education Statistics, 2013). Although this
information can be easily misconstrued by sample size and total populations of the categories, it
gives merit to the need for further research regarding rural education as it relates to student
performance outcomes.
Limitations and Delimitations
There are variables not being considered in this study that may have impact and influence
on the results of the proposed study. Possible limitations to this study include:
1. Teacher experience and qualifications vary from grade to grade
2. Participants in this study are not limited to students who were instructed by
the same teacher each year.
3. Students were instructed in multiple classrooms resulting in differences in
instructional effectiveness.
4. The population is limited to one group of students who progressed through
third grade as a cohort.
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5. This study is limited to data analysis from Renaissance Learning STAR
assessments for student achievement in reading and math with no other
quantitative data considered.
6. The study uses the average treatment effect (ATE) model without an
instrumental variable (IV) estimator. The study does not have access to a
credible instrument. As a result, the usual approach for dealing with nonrandom selection using an exclusion restriction does not seem viable.
7. Finally, this study does not have pre-treatment variables for VPK participants,
and is a clear limitation of the data.
Definitions
Pre-Kindergarten – The time immediately preceding kindergarten, typically for threeto five-year-old children, with programming that typically focuses on early childhood
development related to school readiness and/or social skills. These skills may include areas such
as academic/cognitive, emotional, social, and/or physical.
Third grade reading readiness – This term refers to the pivotal shift point where basic
reading skills are established and can begin to be utilized for more complex learning. It is the
point where standards and instruction begin to move toward linguistic and reading
comprehension (Tighe and Schatschneider, 2014).
STAR Assessments (Early Literacy, Math, and Reading) – This term refers to a
computer-based, adaptive diagnostic assessment, using item calibration and psychometrics that
adjusts to each student’s response. The Early Literacy assessment measures early literacy and
numeracy skills needed for beginning readers. This assessment measures proficiency in three
broad domains: Word Knowledge and Skills, Comprehension Strategies and Constructing
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Meaning, and Numbers and Operations. STAR Reading refers to a computer-based, adaptive
diagnostic assessment that is appropriate for students with a 100 sight-word vocabulary. The
program uses a combination of the cloze method and traditional comprehension passages. It
provides estimates of reading comprehension using student’s instructional reading levels. It also
provides measurement relative to national norms and has the ability to track longitudinally.
Diagnostics are provided in the areas of Foundational Skills, Reading Informational Text,
Reading Literature, and Language. STAR Math refers to a computer-based, adaptive diagnostic
assessment that provides measurements in 11 domains for grades 1-8: Counting and Cardinality,
Operations and Algebraic Thinking, Number Operations in Base Ten, Measurement and Data,
Geometry, Expressions and Equations, Numbers and Operations – Fractions, the Number
System, Functions, Ratios and Proportional Relationships, and Statistics and Probability. It also
provides nationally normed relative placement.
Tennessee Voluntary Pre-Kindergarten – This term refers to a voluntary Tennessee
Initiative that provides four-year-olds, with the first priority to those four-year-olds who are atrisk, an opportunity to develop school readiness skills (pre-academic and social skills). The goal
of the Pre-K school year is to engage learning that focuses on the needs of young children in all
areas of development including language, early literacy, math, science, social studies, the arts,
physical development, as well as social emotional development, and healthy living.
Economically Disadvantaged Status (Socio-economic Status): This term refers to
eligibility for free or reduced school meals under the National School Lunch and Child Nutrition
Program. This term identifies documented current annual family income level to determine
eligibility for free, reduced, or full priced rates according to the National School Lunch and
Child Nutrition Program.
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Tennessee Early Learning Developmental Standards (TN-ELDS) – This term refers
to standards adopted in Tennessee that provide documentation of the continuum of learning
progressions from birth through age five.
Academic Intervention – Intensive assistance and remediation provided to children who
are at-risk for deficiencies in particular academic areas.
This study will be organized into five chapters:


Chapter 1 presents the Introduction to the study which will include the following: (a)
Statement of the Problem, (b) Purpose of the Study, (c) Significance of the Study, (d)
Definitions of Key Terms, and (e) Limitations of the Study.



Chapter 2 presents the review of related literature, including the following: (a) School
and Reading Readiness, (b) Theory Application, (c) Policy Considerations, (d)
Studies and Effects, (e) Model Studies, and (f) Evaluations.



Chapter 3 discusses the Methodology including: (a) Population and Demographics,
(b) Sample, (c) Instrumentation, (d) Research Design and Methodology.



Chapter 4 will present the Findings.



Chapter 5 will provide the (a) Summary, (b) Conclusion, (c) Implications and (d)
Recommendations for Further Study.
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Chapter 2
Review of the Literature
Chien et al. (2010), references research regarding the growing concern for children’s lack
of readiness for school and evidence that suggests readiness can be enhanced through PreKindergarten programs, particularly for children from economically disadvantaged backgrounds.
The Annie E. Casey Foundation report released in 2013 outlined several factors that contribute to
the possibility of a child having reading proficiency by the end of third grade:
The child’s readiness for school in terms of health, language development, socialemotional skills and participation in high-quality early care and learning programs;
circumstances that undermine children’s ability to read, including chronic absence from
school, summer learning loss and family-related stressors; and the quality of teaching that
the child experiences in home, community and school settings. (Annie E. Casey
Foundation, 2013)
Importance of Pre-Kindergarten for Children (School and Reading Readiness)
Fewer than half (48%) of poor children are ready for school at age 5, compared to 75% of
children from families with moderate and high income (Isaacs, 2012). “Vocabulary in the
primary grades is associated with later reading skills and in preschool predicts reading in later
elementary to middle school years (Dickenson & Porche, 2011). According to the Center for
Public Education (2015),
One of the most far reaching recent studies found marked increases in children’s skills
across five states: Michigan, New Jersey, Oklahoma, South Carolina, and West Virginia.
Overall, children in state Pre-K posted vocabulary scores that were 31 percent higher and
math gains that were 44 percent higher than those of non-participants.
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There is discontinuity regarding the definition of both school and reading readiness.
Many factors contribute to both areas making a true defining outline difficult to determine all the
aspects that make up all the pieces that should be analyzed. According to Snow (2006), “simply
put, school readiness refers to the state of child competencies at the time of school entry that are
important for later success.” In 1997, the US National Education Goals Panel identified three
components of school readiness: (1) Children’s readiness for school (enabling them to participate
in classroom and learning experiences), (2) Schools’ readiness for children (schools responding
to the children enrolled), and (3) Family and community supports and services that contribute to
children’s readiness (promoting family and community environments that support learning)
(Dockett & Perry, 2009).
Third grade is the “point when educators expect children to pivot from ‘learning to read’
to ‘reading to learn’ and missing this critical target has continuing and significant consequences
for future success in school, work, and life” (Smith, 2012). “Children who do not read
proficiently by the end of third grade are four times more likely to leave school without a
diploma than proficient readers” (Hernandez, 2011). According to Green (1995), a district in
Delaware developed safety nets and interventions to ensure students could read proficiently by
the end of third grade. One of the ideas behind Pre-Kindergarten reform is “centered on
implementing programs that will enhance children’s capacity to learn which might improve their
later elementary school performance” (Burger, 2010, p. 160). A report from the National
Academy of Sciences entitled, Preventing Reading Difficulties in Young Children (Snow, Burns,
& Griffin, 1998), relates children’s literacy environments in the preschool years as a critical
prevention effort for reducing the possibility of being at-risk for reading difficulties later.
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The foundational factors (phonemic awareness and phonics) that can begin in PreKindergarten help set the stage for greater chances of success to be fluent readers.
A reader will not have reading comprehension if he or she is able to decode words in a
passage but is unable to extract meaning from those words. Likewise, if a reader can
understand the meaning of words but is unable to read the in a text, reading
comprehension will not occur. The relationship between linguistic comprehension and
reading comprehension begins to increase around third grade, once decoding skills have
been mastered. (Tighe & Schatschneider, 2014)
According to Ralph Smith, “When children get to fourth grade, there’s a high level of
expectation that they will master materials that’s more sophisticated and more complicated, and
that they are going to be active participants in their own learning by actively reading and
digesting this information” (Annie E. Casey Foundation, 2015).
Theories Applied to Pre-Kindergarten Education
Since the TN-VPK programs include guidelines for admission that include socioeconomic disadvantaged priority, those students often enter the doors having little or no shared
experiences as other students. The TN-VPK is structured around the TN Early Learning
Developmental Standards (TNELDS) for four year olds. These standards stress curiosity, active
engagement in play, and social relationships (Tennessee Department of Education, 2015).
The social systems theory can be attributed to several as it relates to the realm of
education. Talcott Parsons, Niklas Luhmann, and Reginald Green have provided alignments of
interacting environments in the field of education (as cited in Parsons, 1991; Green, 2013;
Mattheis, 2012). Programs such as TN-VPK include a focus on providing environments to
support school readiness.
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Constructivists such as Piaget, Dewey, and Vygotsky all maintain that students arrive in
any learning situation with a range of prior knowledge and experience that influences how they
respond to new information” (Hyslop-Margison & Strobel, 2008, p. 78). For children from low
socioeconomic households, this has the potential to mean a lack of background experiences and
social controls that other students may be equipped with prior to the school experience. The
constructivist approach aligns with the ideals of Pre-Kindergarten in that the curricula and scope
and sequence focus on the areas that are most important at that point of development and provide
experiences and an environment conducive to preparation for whole learning. Learning becomes
more effective through active engagement, which is a critical component of the activities of TNVPK.
John Dewey provided philosophical insight into progressive education in the United
States. His belief that knowledge was based on the potential of the child and that potential is
realized through individual and social experiences (Matthews, 2003; Ultanir, 2012). One of the
main focuses of the TN-VPK program is to develop social experiences and provide choices to
children in terms of experience that without Pre-Kindergarten may not be fully accessible to
students from low-income situations.
Jean Piaget proposed a cognitive constructivism theory regarding how humans construct
their own knowledge rather than being given information and applying it immediately. The
development of intelligence is adapted through the process of assimilation and accommodation
(Piaget, 1953). Piaget’s theory can be applied specifically to early childhood learning in that he
proposed four stages of development of a child’s mind. Pre-Kindergarten has the potential to
greatly increase how students construct knowledge during the pre-operational stage. In addition,
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it sets the stage for the concrete operational stage (ages 7 to 11) when it is critical for reading and
math foundational skills.
Maria Montessori contributed to the constructivist theory in her interactive work with
children. Her vision proposed that children learn through movement and natural curiosity that
enhances social skills and self-discipline (Hedeen, 2005). Montessori schools experience a surge
in the twenty-first century and there are Pre-Kindergarten programs, such as Tennessee’s VPK
program, that include many of Montessori’s ideas such as choice of activities for students and
time dedicated to curiosity and play.
Other theorists such as John Locke contributed to theories that may provide some insight
into Pre-Kindergarten importance. Locke proposes that parents are responsible for the social and
knowledge building of children. According to Gianoutsos (2006), Locke’s theory focuses on the
idea that since “children are born without a natural knowledge of virtue, early education greatly
shapes their development, where even little and almost insensible impressions on their tender
infancies have very important and long-lasting consequences.” Like Montessori, Locke also
believed in nurturing natural qualities such as curiosity and freedom of learning. The basis of
their theories once again align with Pre-Kindergarten in that it provides an environment that
demonstrates both social and academic foundations, particularly for students from low
socioeconomic households that may not have access to this type of environment otherwise.
Policy Considerations to State-Funded Pre-Kindergarten Programs
While policymakers and practitioners have reached a consensus on the importance of
improved access to high-quality early childhood opportunities, the approaches districts around
the state are adopting may vary substantially on key factors, including reliance on the public
school system, the extent of involvement of nonprofit/for-profit providers, funding levels, and
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other school-level inputs. More importantly, in the absence of proper pre-treatment and
comparison group information, it is nearly impossible to attribute complete variation in cognitive
and non-cognitive impacts, as well as school readiness skills at kindergarten to third grade, to the
quality of VPK classrooms in Hardeman County Schools, particularly since children enter these
classrooms with widely varying abilities, interests, and backgrounds. There are other variables
are that may have some degree of impact on performance.
Tennessee's Voluntary Pre-Kindergarten program and within the Hardeman County
District are an example of compensatory education designed to serve economically
disadvantaged, at-risk and ELL students. Advocates for compensatory education believe that
families need more opportunities that will decrease the disparities in educational experiences
among students. Critics believe that compensatory education will not solve the achievement gap
that is attributable to socioeconomic differences among families, lead to minimal if any
improvements in the productive efficiency of schools, and is not sufficient for sustained
achievement and positive social outcomes needed for social cohesion of a democratic society
(Levin, 2002). Others counter that early childhood providers serving the most economically
disadvantaged and at-risk children will be more likely to be labeled as low-performing regardless
of the program's productive efficiency, thereby leaving providers less inclined to serve these
children with the greatest needs, thus limiting freedom of choice and equity of opportunity. In
the following section, the TN-VPK in general and the Hardeman County School’s VPK program
in particular is analyzed using the policy instruments of regulation, finance, and support services.
The likely consequences of the VPK program on the criteria of freedom of choice, productive
efficiency, equity, and social cohesion based on specific benchmarks are predicted using the
analysis of the policy instruments.
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Regulation
Tennessee initiated a Voluntary Pre-K program (TN-VPK) in 2005 as part of legislation
that allocated excess lottery dollars to early childhood programming (Tennessee Department of
Education, 2015). This program was established to provide high quality early childhood
education services in accordance with the Tennessee Early Childhood Education Plan as adopted
by the State Board of Education and stated in T.C.A. Section 49-6-101 (Tennessee Department
of Education, 2015). The minimum requirements of the early childhood program are as follows:
1. Enroll children who are age 4 on or before August 31st of the current school year (age
3 on or before August 31st if enrolled in a pilot program).
2. Enroll children who qualify as economically disadvantaged per the Income Eligibility
application and income guidelines set by the Federal Department of Health and
Human Services.
3. Enroll children with disabilities, children identified as English Language Learners
(ELL), in state custody, or those at risk for failure due to circumstances of abuse or
neglect.
4. Enroll children who meet local at-risk criteria as established by the local Community
Pre-K Advisory Council (C-PAC) or who do not meet any at-risk criteria but are
considered un-served or underserved by the process established by the C-PAC.
5. Enroll children with Individual Education Plans (IEP) who are five years of age on or
before August 31st of current school year when an IEP team decision recommends Pre-K
program as most appropriate placement for meeting IEP goals. (Prior to the placement of
a child in the VPK program, a request for enrollment under this exception must be
reviewed and approved by the director of early childhood programs in the Office of Early
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Learning. The child’s disability must be more significant than a delay in speech or
language).
The population of persons below five year olds in the Hardeman County School District
is estimated at 1,272 (4.9% of county population in 2014) according to U.S. Census information.
Considering all age groups equal less than five years old, the four year old population would be
approximately 320. Based on the above criterion, dividing the number of VPK participants (187
children) by the approximated population of four year olds yields the percentage of four year
olds participating at 58.4% in 2014. Another criterion is that the child must be eligible for free or
reduced-price lunch. Ninety-five percent of the Hardeman County School’s VPK participants are
below the 185% of the poverty level. The 2014 State Report Card for Hardeman County Schools
notes that 81.7% of school-age children are living in poverty (Tennessee Department of
Education, 2015). The students in special education accounted for approximately 8% of the VPK
program students. In addition, VPK participants who are African American (60%) and White
(40%) are somewhat similar to the racial demographics of the county (56.2% white and 41.6%
African American). On the other hand, statewide participation in the state-funded PreKindergarten program reached 18,600 students, which represents 23% of the four-year-old
population and 33% of these children are below the 185 percentage multiple of the U.S. Health
and Human Services poverty guidelines, equivalent to reduced priced lunch criteria (U.S. Census
Bureau, 2014).
Collaborative classroom partner sites (also known as providers) are an integral
component of the TN-VPK program. Providers may be regular public schools, Head-Start, for
profit and not-for-profit child care providers, faith-based agencies, community-based agencies,
and higher education institutions. Hardeman County School District, located in rural western
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Tennessee, houses 10 of the 935 TN-VPK classrooms in six elementary schools. These VPK
classrooms have been established in the district since 2005. Other than the VPK program offered
through Hardeman County Schools and the federally funded Head Start program, there are no
other state-assisted, non-profit Pre-Kindergarten programs offered in the district.
There are limited for-profit day care centers within the geographical boundaries of the
district as well. While the school district is considered one of the state's largest counties covering
668 square miles and a population of 25,965, half of the VPK classrooms are strategically placed
in the town with larger population than the outlying areas of the district. Five of 10 VPK
classrooms are located in the largest city in the district, with a population of about 5,152. Since
the district provides bus transportation services to all VPK participants, accessibility should not
be a hindrance. The other collaborative classroom partner sites (all offered in regular public
schools) are located between the outskirts of the inner county and the outer boundaries of the
district— North, South, West, and East— to be accessible to all rural area residents. However,
these VPK classrooms must follow the same zoning and residency requirements as regular public
schools. Geographical zones are set and children must attend a VPK program within their zone.
Statewide, the majority of VPK program participants reside in rural districts, yielding strikingly
similar patterns of geographical distribution of students across the state. 42.76% of all public
schools (726 of 1,698) and 40.2% of all public school students are in rural areas.
In line with other VPK programs in the state, Hardeman County Pre-K classes receive
180 days of instruction that follows normal school hours, from 8 a.m. to 3 p.m. This includes 5.5
hrs, 5 days per week, of educational activities plus breakfast, lunch, rest time and physical
education. Other program requirements for TN-VPK classrooms include adult-student ratio of no
less than 10:1 for four-year-olds with a maximum class size of 20. At a minimum, the adult ratio
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must consist of one state licensed teacher endorsed for Early Childhood Education and a teacher
assistant who holds a high school diploma. TN-VPK teachers are provided the same
Local Education Agency employment rights and benefits available to K-12 teacher and must also
be evaluated through an approved TN Department of Education teacher evaluation process. The
curriculum provided must be approved, age appropriate, comprehensive and research-based. The
educational program addresses all developmental areas – language, cognitive, social-emotional
and physical, with a balance between direct instruction, individualized instruction, group
activities and choice of center-based activities.
Statewide, registration is held in the spring of each school year and throughout the
summer and the beginning of the school year. Hardeman School District has a week dedicated to
Pre-K registration in the spring, and its registration continues throughout the school year.
Application packets are numbered and distributed according to the position in which they were
obtained. Legal guardians complete the required information and return the applications which
are then screened for the prioritized enrollment qualifications. According to the program director,
the district uses the following to determine eligibility: (1) zoning location, (2) special education
eligibility, and (3) income qualifications. Applicants are required to provide two proofs of
residence (zoning) and proof of income or special education eligibility. Applications that meet
eligibility are admitted to the program according to the ascending number of pick-up. Classes are
filled with eligible applicants first (M. Shaw, personal communication, February 24, 2015).
Historically, seven to eight of the 10 classrooms reach capacity at the beginning of the school
year with eligible applicants. In mid-October, open slots in classes that are not at capacity are
made available to non-eligible students who meet the residency requirement. Hardeman County
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VPK has the capacity to serve 200 students. The program consistently maintains a 90-100%
capacity rate.
Support Services
The TN-VPK program includes empowering families as one of its leading principles.
Family engagement is a component that must be addressed through consultation, conferences,
and purposeful outreach (Tennessee Department of Education, 2014). Statewide, TN-VPK has
guidelines and standards for family outreach. Tennessee coordinates preschool programs and
services as part of interagency collaboration across entities with overlapping jurisdictions and
shared responsibilities to serve preschool-aged children. The best example of this is joining the
Tennessee Early Intervention Services (TEIS) with Voluntary Pre-K, School-based Support
Services, and Head Start, which are all housed in the Office Early Learning which operates the
TN-VPK program. Hardeman County School District has used the established VPK standards for
family engagement and support. A Community Pre-K Advisory Council (C-PAC) is given the
task to support efforts to reach out to families. This group is made up of both school and
community stakeholders, including businesses (for profit and non-profit) and parents. Parent
surveys are conducted in the spring semester of the school year to evaluate parent input on the
program provided throughout the year.
Finance
Funding has been a key component of the TN-VPK program providing opportunities that
some districts may have faced difficult challenges implementing without the funding support that
has been generated. The TN-VPK program operates through local competitive grants and
collaboration with classroom partner sites (providers). Only regular public schools may compete
for state-funded VPK grants, though these schools may subcontract with local providers (a
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collaboration model) such as Head Start and local nonprofit and for-profit child care. To ensure
quality control of TN-VPK programs, classroom partner sites are required to demonstrate the
highest rating from the licensing system administered by the Tennessee Department of Human
Services and also meet the TN-VPK standards. However, the state has limited classroom partner
sites that seek to use available TN-VPK grants to participate. Of the 935 TN-VPK classrooms,
only 62 classrooms across 43 different sites are located in collaborative classroom partner sites
(6.6%) (Lipsey et al., 2015a, 2015b). This is a relatively low partner participation rate and
Hardeman County follows the same trend with no collaborative classroom partner sites providing
TN-VPK services.
The number of eligible children served through TN-VPK in the last four years rose for
16,685 in 2011 to 21,039 in 2014. TN-VPK's funding rose from $83,747,595 to $85,807,267 in
the same period. TN-VPK programs depend largely on general education funds, and have in the
past used lottery revenue and federal TANF funds (National Institute for Early Education
Research, 2014). While the budgets have included inflationary adjustments, there have been few
additional financial resources for expansion. Although the use of lottery funds has allowed
program enrollment to expand, the TN-VPK program remains the primary funding source of
state preschool and it has remained flat funded for several years. In 2010, Tennessee was
awarded a large portion of the federal grant, Race to the Top, which Tennessee customized and
dubbed First to the Top. One of the goals for the grant was to improve state assessment
proficiency rates for third grade students statewide, which could include school readiness (U.S.
Department of Education, 2012). There were no limitations against including Pre-Kindergarten
programs in the activities of the grant. Tennessee state taxes and local school districts spend on
average $5,668 per child for each of the 18,000 children served. While some school districts in
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the state may choose to leverage additional local funding support combined with state funds,
Hardeman County School District rely solely on state- and lottery- funds and local matching
funds to finance VPK classrooms. The district provides funds for child transportation, which
comes out of the district budget. Nevertheless, the funding over four years has remained largely
stable which bodes well for the sustainability of VPK classrooms in the district.
Benchmarks
Levin and Schwartz (2005) identify four criteria to assess frameworks of universal PreKindergarten programs. Although Tennessee’s Pre-Kindergarten programs are not considered
universal, the components of Levin’s research in other states that offer universal access are worth
applying to assess effectiveness, since most of his research is based in the same areas that
currently impact TN-VPK in terms of public funding and the issue of vouchers being debated in
the state legislature. Levin and Schwartz’s (2005) framework employs four desirable criteria freedom of choice, productive efficiency, equity, and social cohesion-- to analyze the regulation,
finance and social services provision of both the statewide TN-VPK program and Hardeman
County Schools' VPK program as a school district-level case study.
Freedom of Choice
Freedom of choice in educational opportunities refers to the choices of alternative
offerings available to students. There are limitations on freedom of choice regarding PreKindergarten programs in the Hardeman County School District. No other collaborative
classroom partners (profit or nonprofit providers) currently participate in the TN-VPK program.
There are two Head Start centers in the district and very few day care centers, neither of which
receive any type of TN-VPK funding or association. The VPK program in the district has to rely
solely on the public school system both to administer their program and to provide slots. This is
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inconsistent to what the TN-VPK program originally envisioned, that is, that parents have a wide
range of VPK providers from which to choose including private centers, community-based PreKindergarten, and family day care centers. Thus the freedom of choice for preschool
opportunities is very limited in the district.
Productive Efficiency
Levin and Schwartz (2005) identify the criterion for productive efficiency as any given
level of resource committed to be maximized in terms of academic impacts. In examining this
relationship, it is important to consider both the costs and the outcomes of the VPK program.
Tennessee currently invests nearly $90 million to support 935 classrooms in 135 of 136 districts
across all 95 counties (Lipsey et al, 2015a). With more scrutiny of tax dollar spending and
accountability to those funds, it is important for school systems to evaluate both the costs and
outcomes of the VPK program. In general, current evidence shows that preschool programs with
positive and long-lasting effects are also the most educationally intensive and expensive
(Barnett, 2008).
For Hardeman County Schools, efforts are largely aimed at existing preschool capacity,
and compliance with the current TN-VPK regulations in its Pre-Kindergarten classrooms. Since
there is no current state required assessment for early grades in Tennessee, little evaluation and
measurement has been conducted. In the absence of preschool assessments, a way of monitoring
some form of productive efficiency regarding VPK program can be divided into two types: (1)
evaluation which necessitates locating children after they have left the program (treatment), and
(2) evaluation which is designed and implemented while children are in the program. Different
strategies for collecting information can be used for the latter, such as, pre and post assessments,
classroom observations, measurable preschool goals, and comparison data for children enrolled
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in the program and not in the program can be conducted. As it stands, the lack of pre-score
measures (baseline assessment data) raises significant concerns about the district's ability to
correctly identify, sanction or support struggling VPK classrooms. In the absence of assessment
measures prior to the VPK program, it is problematic to ascertain how much a particular VPK
classroom has contributed to a child's test scores in kindergarten and beyond (i.e., kindergarten
readiness, links to first grade literacy readiness, standardized TCAP achievement tests).
The former evaluation type is also problematic, and requires special planning. The
reason for this caution is that the greater the time lag between receiving treatment and follow-up
contact, the greater the bias due to selective location of treated participants (VPK children).
Those who cannot be located a short time after treatment (children who eventually go to a private
school, get homeschooled, or left the state) may very well be different from who those who
remain in the public school system for longer periods. Fortunately, Tennessee has a longitudinal
data system in place to track student performance on state assessments from third grade through
high school. Hardeman County Schools utilize a computer adaptive assessment program that
provides student data starting in kindergarten, a particularly important time point in assessing the
short term impact of the VPK program and the point in time at which the relative impact of VPK
participation is most likely to be observed. A non-experimental research design can be used in
order to compare children who attended Hardeman County's VPK program with similar children
from the same district who did not (Rosenbaum & Rubin, 1983, 1984).
Tennessee requires districts to complete compliance and monitoring instruments
annually. Part of this instrument tracks the screening tools and formative assessments used in
Pre-Kindergarten classrooms. There is flexibility for districts and centers to use tools of their
choice. This flexibility, from an evaluation standpoint, creates a lack of consistency to
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adequately compare and evaluate district data against one another in terms of quality or student
performance data. For example, districts report using Brigance (71.4%) and Teacher/Locally
Made Checklist (52.2%) as screeners. Districts have the option to use multiple screeners. There
were multiple formative assessments reported for use throughout the school year to monitor
student performance (Riley-Ayers & Barnett, 2015).
Equity
One of the most important equity concerns about the TN-VPK program is whether or not
it has accentuated or perpetuated differences in educational opportunity between participants and
those in conventional schools and private schools (Levin & Schwartz, 2005; Reardon, 2011).
Results of the current TN-VPK Effectiveness Study reveal that VPK was more effective for
lower performing students at baseline than higher performers (Lipsey, Farran & Hoffer, 2015b).
Moreover, the English Language Learners (ELL) population in the VPK made significantly
greater gains on all the achievement measures than comparable peers who did not attend the
VPK (Lipsey, Hofer, Dong, Farran, & Bilbrey, 2013).
The TN-VPK guidelines offer accessibility first to children who qualify as economically
disadvantaged per the Income Eligibility application and guidelines set by the Federal
Department of Health and Human Services (Tennessee Department of Education, 2015).
Outreach to increase access for services is another important component of equity. Within the
policy set forth for Hardeman County Pre-Kindergarten, residence is a determinant of the VPK
classrooms a family may select for their children. However, this program is one of the few in the
state that offers transportation to the Pre-Kindergarten children thereby increasing the access to
the program for low-income participants.
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Some prominent legislators in the state have used the observation that preschool
academic benefits often fade as child age (the so-called "fade-out effect") to make a case that if
preschool has such negligible long-term impact, public funds should not support it. However,
previous studies have examined the likely effects—some of which may have little to do with
preschool itself and more to do with what happens to young children once they enter elementary
school. Other studies indicate that excessive attention on content already mastered by children
may negatively impact student learning, whereas introduction to more rigorous content in
kindergarten could bolster children’s cognitive skills (Engel, Claessens, & Finch, 2013;
Magnuson, Ruhm, & Waldfogel, 2007). Still, more recent studies confirm other important
confounding variables to be considered, including supportive home learning environment and
high quality instructional experiences in elementary school. The strongest evidence from many
well-conducted randomized controlled trials suggests that economically disadvantaged children
reap long-term benefits from preschool (Barnett, 2008). Well-designed preschool education
programs produce lasting benefits in school success, including higher student achievement,
lower rates of grade repetition and special education placement, lower reliance on welfare, lower
health expenditures, decreased crime and delinquency, and higher educational attainment. State
and local Pre-K programs with high standards also have been the most effective, with low
income and otherwise disadvantaged children benefitting the most from these programs (Belfield
et al., 2006; Camilli, Vargas, Ryan, & Barnett, 2010; Duncan & Magnuson, 2013; Frede &
Barnett, 2011).
Social Cohesion
With the combination of admission regulations such as residency zoning and income
based eligibility, it is unlikely that children from diverse backgrounds would have the

28

opportunity to interact with others in the Hardeman County Pre-Kindergarten program. For many
rural parents in the Hardeman County School District and Tennessee's schools that predominated
in many rural areas, participation in the TN-VPK program will be the first opportunity they have
to exercise choice in education. Levin and Schwartz (2005) premises social cohesion on the
notion of common experiences in both learning activities and outcomes and social interactions
among students from different backgrounds. With very few early childhood providers in the area,
many children receive “in-home” care with no guidelines or curriculum based programming.
Social cohesion is an important topic due to the short duration of the VPK program for children
and the fact that benefits (real or perceived) of preschool education are carried over to primary
school. It is important to consider the effects that differences in the quality of VPK program may
have in the short and medium terms. For many children in Hardeman County Schools, VPK will
serve as their academic foundation, especially for more disadvantaged children. Indeed, there is a
widespread belief among educators that early childhood education facilitates the process of
socialization and self-control necessary to make the most of classroom learning (Currie, 2001).
Social cohesion and its impact on early literacy and school readiness are primary goals of the
VPK program.
Basis for Voluntary Pre-Kindergarten Programs in TN/Hardeman County
By statute, the program gives priority to children who are eligible for free or reduced
lunch, students with disabilities, or otherwise at-risk. Program requirements for TN-VPK include
adult-student ratio of no more than 10:1 with a maximum class size of 20, licensed and certified
teachers with a Pre-Kindergarten endorsement, and an approved age-appropriate curriculum
(Tennessee Department of Education, 2015).With the major priority given to children from
economically disadvantaged households, Tennessee voluntary Pre-K classrooms are designed to
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provide early intervention and academic experiences to assist in preparing those children for
school readiness.
Concerns that children from low-income or less educated families may be ‘doubly
disadvantaged’ by being less likely to receive stimulating care at home and less likely to
be enrolled in educationally oriented care outside the home have led policymakers to
fund early education and child care programs targeted toward these children. (Magnuson,
Meyers, Ruhm, & Waldfogel, 2004)
With funding being provided from state and local resources outside the general education
programs, political leaders and the general public are looking for valid effects and cost-analysis
of spending.
Hardeman County School District and Tennessee scores as a whole are facing somewhat
stagnant reading scores and scores overall are lower in reading than in math (TN Report Card,
2014). Since foundational skills are critical for students to reach particular milestones in
academic progressions, early childhood programs can play a huge role in providing readiness
skills, particularly to students who are considered at-risk. Evaluating student performance
longitudinally and disaggregating data to identify specific areas of concern or success help
provide insight into goal setting and visions and focus on informing programming and
effectiveness.
Pre-Kindergarten Studies and Effects
Prior research has been conducted on other Pre-Kindergarten programs that compare
many different aspects of the value of these programs. Steven Barnett (2008) has intensely
studied the effects and others research of Pre-Kindergarten through the National Institute for
Early Education Research. He found that “recent meta-analyses of these find that preschool
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education has significant lasting effects on cognitive abilities, school progress (grade repetition,
special education placement, and high school graduation), and social behavior” (p. 5). Other
comprehensive reviews and evaluations of multiple studies of high-quality early childhood
programs including Pre-Kindergarten and Head Start programs show that children’s cognitive
and language development are improved, academic achievement may be higher, and special
education eligibility and retention are reduced (Brooks-Gunn, 2000; Farran, 2000; Vandell &
Wolfe, 2000; and Waldfogel, 2002). The Head Start Impact Study (Puma, Bell, Cook, & Heid,
2010) presented data that “the estimated cognitive effects of nine months of Head Start range
from 0.05 to 0.25 standard deviations.” In contrast to the effects of structured Pre-Kindergarten
type programs, Barnett (2008) assimilated research that found ordinary child care, such as family
day care, to show no effect, while child care centers produce only short-term small effects (0.100.15) on cognitive and language development. He found that “there is some evidence that
negative effects increase with the number of years in care, but lessen when children attend higher
quality programs” (p. 6).
Cunningham (2010), references research that shows “the overall global quality of an
early childhood classroom has been found to have positive effects on language and literacy
skills” (p. 501). The Peabody Research Institute at Vanderbilt University conducted a five-year
longitudinal randomized control trial that analyzed the literacy, language, and math skills of
children who were enrolled in TN-VPK compared to others who were not. Data from the first
cohort of the project determined that “The effects on the early literacy, language, and math skills
of children who attended TN-VPK were all statistically significant with gains ranging from 37%
to 176% greater than those of children not in TN-VPK” (Lipsey et al., 2011). Subsequent report
releases of the study determined that by the end of kindergarten and first grade, the performance
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of non-VPK children had equalized with VPK participants. By second grade and continuing into
third grade, non-VPK students began to outperform VPK participants.
One emphasis of this research is centered on the importance of providing early childhood
foundations that lead to third grade literacy achievement. A Georgia study found that 82% of
former Pre-Kindergarten student’s rate average or better on third-grade readiness (Henry, Craig,
Mashburn, & Ponder, 2001). The Georgia study reviewed Pre-Kindergarten classrooms with
requirements similar to those in Tennessee, such as, teacher must be certificated in early
childhood education, receive the same compensation as other teachers within the system, and
classrooms maintain a 10:1 child staff ratio (Gormley & Gayer, 2005). An Arkansas study
completed in 2010 evaluated state-funded Pre-Kindergarten programs that had evaluated students
at each grade level from Pre-Kindergarten through fourth grade. Positive effects were found at
the end of third grade for literacy (Jung, Barnett, Hustedt, & Francis, 2013). Although these
programs are not identical to the TN-VPK guidelines, they hold many of the major components
of programming in common.
Model Program Studies
Two examples of landmark research preface the benefits of early childhood programs.
The Carolina Abecedarian Project and the High Scope/Perry Preschool studies were conducted
over 40 years ago, but are considered landmark due to their high-quality, longevity, positive
impacts over time spans, impressive benefit-cost rations and careful designs (Duncan &
Magnuson, 2013; Ladd, Muschkin, & Dodge, 2013).
The High/Scope Perry Preschool Project was conducted in the 1960s and included black
children who were randomly selected to participate in a high-quality Pre-K program. The
research was comprehensive and compared the progress of the subjects over a significant period.
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The results demonstrated that children who participated in the Pre-K programs were more likely
to graduate, had higher achievement test scores, were more employable and had fewer arrests in
post-education years (Center for Public Education, 2015). The Perry Preschool Project was an
extended longitudinal study that involved longitudinal research and considered many variables.
In addition to academic improvement, the study also found that the program was associated with
increased employment and earnings, decreased welfare assistance, and reduced arrests. As
Barnett (2008) reports, the long-term effect size of the Perry project was in the range of 0.30 to
0.50. The Child Parent Center (CPC) study conducted with Chicago schools was a replication of
the Perry Preschool study. The CPC study found similar longitudinal results and an overall effect
size of 0.23 to 0.34 (Barnett, 2008).
The Carolina Abecedarian Project was conducted from 1972 to 1985. This study
reviewed children who were randomly assigned to a Pre-K intervention program compared to
those who were not chosen. The study found that those who attended the Pre-K programs were
less likely to require special education services, had higher IQ, had a higher percentage of
graduation rates, and had a higher college attendance rate (Center for Public Education, 2015).
Evaluating State-Funded Pre-Kindergarten Programs
Landmark studies and prior research have indicated differences in outcomes of PreKindergarten programs. Many of the studies referenced show positive effects in different areas
such as achievement, reduced retention, and cost-benefit. With the emphasis in recent years on
the lack of literacy achievement in the United States along with federal and state monetary
allocations to early childhood programs, there is a need to determine the possible effects and
benefits of Pre-Kindergarten programs. According to Barnett (2008), multiple cost-benefit
analyses have been conducted on preschool education, including landmark studies such as the
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Abecedarian, Perry Preschool, and Child Parent Center. They have found that benefits
substantially exceed costs.
Pre-Kindergarten research is available that shows a strong correlation as a possible vital
and sustainable intervention that promotes school readiness and closes the achievement gap in
elementary school and beyond (Chapman, 2010). In contrast, research also exists that
acknowledges a “fade-out” of these interventions for certain groups of students (Duncan &
Magnuson, 2013). A study by Hill, Gromely, and Adelstein (2012) followed two cohorts in
reading and math from Pre-Kindergarten through third grade. They found no sustainable impacts
for the first cohort and evidence of success only in mathematics for the second cohort. Duncan
and Magnuson (2013) acknowledge that “the lack of longer-run evaluations of Pre-Kindergarten
programs suggest that drawing strong policy conclusions about their effectiveness unwarranted,
as other programs have likewise demonstrated early promising results that faded over the first
few years of school” (p. ii). With differing results regarding the potential impact of PreKindergarten programs on third grade reading achievement, the evidence exists to conduct this
type of analysis on a sample in Hardeman County School District.
Attempts to evaluate the effects of state funded (scaled up) Pre-Kindergarten programs
have largely been after the fact and have made use of a range of different research designs.
A. Regression discontinuity design (RDD)
A quasi-experiment design, regression discontinuity is used when there are distinctions
made between groups according to a rating assigned to population subjects. For example,
in the Tennessee Voluntary Pre-Kindergarten program, age by a specific date and socioeconomic status according to free and reduced lunch rate are factors (also known as nonrandom assignment rule) that could be used for RDD. These provided cut points for the
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status in a regression discontinuity design that would serve as the boundary for the
treatment group and comparison group (Lee & Munk, 2008).
B. Difference in difference approach (DD)
Considered a quasi-experimental study, difference in difference design approach is used
when evaluating the effects before and after treatment, such as prior to Pre-Kindergarten
implementation in a district and after. The idea is to calculate the change in academic
outcomes among the treated group between the two periods and then subtract the change
in academic outcomes among the untreated groups. The main challenges with a
difference in difference approach are omitted variables, inadequate controls for preperiod trends, and the assignment/selection rule that determines treatment status.
C. Randomized control trial (RCT)
Randomized control trials randomly assign subjects into treatment and control groups
with the outcome variable being analyzed. The Pre-Kindergarten program offered in
Hardeman County is based on income level and geographic zoning for enrollment.
Therefore, true randomization in this experiment would be difficult to achieve. Although
possible, finding access to children who are not attending Pre-Kindergarten when they
are four-years-old would be a difficult endeavor.
D. Matching designs (i.e., propensity score matching)
Matching designs could be used to evaluate outcomes when trying to determine the effect
between those who attended a Pre-Kindergarten program compared to those who did not
to see if there is any determinable difference. When evaluating student performance
outcomes prevalent matching characteristics for the population are poverty rate,
language, gender, and race. This design can be difficult to achieve due to inadequate
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matching as a results of limited data. A limitation of this design is the possibility of an
unidentified variable producing an effect on the matching process. According to Lipsey,
Farran, & Hofer (2015a), matching designs have been used to evaluate preschool
programs in Washington, Texas, Tulsa, and Tennessee. In a study where there are
multiple data available for variables and a large population size, propensity-score
matching helps ensure reliability and validity of the analysis (Hahs-Vaughn &
Onwuegbuzie, 2006). In quasi-experiments, careful attention must be made to eliminate
bias. Propensity score matching helps attain this with the proper data sets. In this proposal
of evaluating the Pre-Kindergarten program in Hardeman County School District, data is
available, such as gender, race, and participation that will allow for propensity score
matching.
E. Average treatment Effect (ATE)
Like all research designs, the fundamental problem in estimating the impact of VPK
programs is selection bias‐‐students/families self‐select into the program. Under these
conditions, a comparison between VPK students who participate and those who do not
confounds the effects of the VPK program, with the pre-existing differences in
characteristics between participants and non‐participants. For example, it is possible to
expect that more informed and engaged parents are more likely to actively choose to
attend the VPK program. Students from these families may perform differently than those
parents who choose not to participate. Therefore, any observed academic outcomes in
later years (i.e., third grade) not only comprise the results from the VPK program but also
the inherent differences in characteristics of the families or students. Thus, a simple
comparison between students in schools with the VPK program and without the VPK
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program may pick up not only the differences in the academic outcomes due to the VPK
program, but also the differences in the characteristics of the VPK participants and nonVPK participants.
In short, the main objective of average treatment effect (ATE) is to examine the average
treatment effects for a group who received a treatment (VPK participants) compared to a group
that did not receive a treatment (non-VPK participants) by modeling the probability of treatment
(selection equation) together with the structural outcome equation (student achievement
regressions). Also known as the “Heckman model” (Greene, 1993; Heckman, 1978, 1979;
Heckman & Robb, 1986), the ATE model is a well-established statistical technique among
econometricians, but is less common among educational statisticians.
Conclusion to the Literature
With the emphasis in recent years on the lack of literacy achievement in the United States
along with federal and state monetary allocations to early childhood programs, there is a need to
determine the possible effects and benefits of Pre-Kindergarten programs. Landmark studies and
prior research have indicated differences in outcomes of Pre-Kindergarten programs. Many of
the studies referenced show positive effects in different areas such as achievement, reduced
retention, and cost-benefit. Public schools face more accountability and responsibility in this
high stakes era than ever before, while at the same time opening their doors to a more culturally
and academically diverse population.
Pre-Kindergarten research is available that shows a strong correlation as a possible vital
and sustainable intervention that promotes school readiness and closes the achievement gap in
elementary school and beyond (Chapman, 2010). In contrast, research also exists that
acknowledges a “fade-out” of these interventions for certain groups of students (Duncan &
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Magnuson, 2013). A study by Hill et al. (2012) followed two cohorts in reading and math from
Pre-Kindergarten through third grade. They found no sustainable impacts for the first cohort and
evidence of success only in mathematics for the second cohort. The recent release of the
Vanderbilt study of TN-VPK further accentuates the need to locally evaluate the potential impact
of this program. With differing results regarding the potential impact of Pre-Kindergarten
programs on third grade reading achievement, the evidence exists to conduct a similar type of
analysis to a sample in Hardeman County School District. With longitudinal data available and
information from prior studies on Pre-Kindergarten, a study can be individualized to determine if
there are similar results in a rural district.
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Chapter 3
Research Methodology
Parents in the Hardeman County School District with children bound for PreKindergarten may participate in the Voluntary Pre-Kindergarten (VPK) program in the district,
and program eligibility is determined by state policy such that all students meeting the statedetermined eligibility may be served. Primarily due to data constraints, an experimental design is
not utilized in the study in terms of assigning participants to the VPK group. This is an important
consideration in understanding and interpreting the results of this study, and in distinguishing the
methodology from randomized experiments. Experimental designs of Pre-Kindergarten
programs tend to be limited given the complexity and expense required to implement them
effectively and because of logistical, ethical and financial concerns. In the state of Tennessee,
only one study (i.e., Vanderbilt's TN-VPK program evaluation using a randomized controlled
trial or RCT) has utilized randomized assignment of children to VPK classrooms in schools that
have more children who want VPK that can be served (over-subscribed VPK programs). For
Hardeman County Schools, at this time, no formal or measurable evaluations of the VPK
program in the district have been conducted. In particular, very little assessment or benefit
analysis has been initiated regarding the effectiveness of these classrooms in either short-term or
longitudinal timeframes (M. Shaw, personal communication, February 24, 2015). Since there is
no state required assessment for early grades in Tennessee (i.e., kindergarten through second
grade), little evaluation and measurement has been conducted.
When presented with findings from an evaluation of whether a particular PreK program
(voluntary Pre-Kindergarten or VPK) “works,” policymakers, administrators, and teachers often
want to know for whom it worked or under what circumstances. In this study, the main quantity
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of interest is the average treatment effect (ATE), a measure of the overall impact of a treatment,
otherwise known as the “difference between two observed averages” (treatment versus no
treatment). Specifically, this study seeks to examine the average treatment effects for a group
who received a treatment (VPK participants) compared to a group that did not receive a
treatment (non-VPK participants). The analysis leverages kindergarten and third grade
achievement data for students enrolled in the Hardeman County School District over a four-year
period between 2011-12 and 2014-15, and subsequently identifies and selects only those VPK
and non-VPK participants who obtained test scores in both grades.
Thus, the overarching goal of this study is to identify dominant trends in the overall
pattern of academic results for Hardeman County's VPK and non-VPK students and to determine
if, overall, the district's VPK students demonstrate any clear differences in their performance on
third-grade assessments relative to their non-VPK peers. The purpose of this study is to evaluate
whether a difference in achievement test scores exist between students who attended Hardeman
County’s Voluntary Pre-Kindergarten (VPK) program and those who did not as measured by the
2015 STAR Reading and STAR Math assessments for students in the third grade. The specific
research questions are as follows:
1. Is there a significant difference in norm-referenced scores in STAR Math and
STAR Reading between third grade students who attended VPK and those
who did not?
2. Is there a significant difference in each of the five reading domains of the
STAR Reading between third grade students who attended VPK and those
who did not?
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3. Is there a significant difference in each of the five math domains of the STAR
Math between third grade students who attended VPK and those who did not?
4. What is the average treatment effect of VPK participation on reading and
math achievement outcomes in the third grade, as proxied by STAR Reading
and Math norm-referenced scores?
5. What is the average treatment effect of VPK participation on STAR Reading’s
five content domains in the third grade?
6. What is the average treatment effect of VPK participation on STAR Math's
five content domains in the third grade?

From the above research questions, the main OLS equation of interest takes the form:
Yi = 0 + 1Xi + 2Di + εi

(1)

where Yi measures the reading and math achievement in the third grade for student i. Xi is the set
of control variables, and Di is a dummy variable indicating the presence of a VPK participant in
both kindergarten and third grade classrooms in the Hardeman County School District.
In estimating the above regression equation, the study is concerned that the factors that
affect the decision to attend the VPK program are different for VPK participants than non-VPK
participants. These factors (observed and unobserved characteristics) are likely to influence
student performance from one grade level (kindergarten) to the next (third grade), thus producing
non-random differences between VPK and non-VPK participants in both kindergarten and third
grade classrooms. The concern that the non-random nature of parental choices on program
participation (i.e., VPK) may bias the estimated effects on academic achievement is evident
throughout the entire literature on self-selection bias in observational studies and program
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impacts. Education researchers have long recognized that self-selection can have important
effects on academic achievement.
To resolve the extent of the bias that results from non-random participation, this study
builds a treatment effects model that is developed specifically to analyze the dummy endogenous
variables (Heckman, 1976, 1978; Angrist, 2004). Under this approach the probability of
receiving a treatment (i.e., the presence of a VPK participant in both kindergarten and third grade
classrooms) is modeled together with the structural outcome equation. The full model is
Yi = 0 + 1Xi + 2Di + ei

(2a)

Di*= Zi+ ui

(2b)

Di = 1 If Di*  0
Di = 0 if Di*  0

where Di is an endogenous dummy variable indicating whether or not a VPK participant is
present in both kindergarten and third grade classrooms in the Hardeman County School District.
The fundamental problem in estimating the above is that we never observe Di = 1 and Di = 0 at
the same time for the same participant i (Holland, 1986). So the challenge is to construct a
suitable counterfactual of participant’s i’s treatment status, that is, to construct what happened
were i did (did not) get treated when i actually did not (did). It is, however, possible to construct
the mean of counterfactual over entire target population under a set of reasonable assumptions.
Thus, the treatment effect for participant i is the difference in outcome between being treated and
untreated. Such a binary outcome is determined by a set of explanatory variables Zi (see Greene,
2003, pp. 787-788 for details and additional references). The individual error terms, εi and ui, are
assumed to have a bivariate normal distribution:
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ei ~N(0,σ)
ui~N(0,1)
corr(ei,ui)=rho
In building the treatment equation (Equation 2b), this study considers the influence of
pre-determined student characteristics (i.e., SES status and race) used in prior research that are
likely to influence the enrollment of a VPK participant in both the kindergarten and third grade
classrooms. Following the literature, this study identifies several variables that may influence
this outcome: namely, SES status, gender, age, and nonwhite status (race).
Unlike instrumental variable methodology, consistent estimates in average treatment
effects models do not require exclusion restrictions (Heckman & Navarro-Lozano, 2004;
Heckman, 1979). Identification is based on the non-linearity implied by the normality
assumption. Following Heckman’s two-step method (Equations 2a and 2b), this study does not
impose exclusion restriction for model identification.
Hardeman County Schools- Population and Demographics
The population of persons below five year olds in Hardeman County Schools is estimated
at 1,272 (4.9% of county population in 2014) according to U.S. Census information. Considering
all age groups equal under five years old, the four-year-old population would be approximately
320. Dividing the number of VPK participants (187 children) by the approximated population of
four year olds yields the percentage of four year olds participating at 58.4% in 2014. Another
criterion is that the child must be eligible for free or reduced-price lunch. Ninety-five% of the
Hardeman County’s VPK participants are below the 185 percent of the poverty level. The 2014
State Report Card for Hardeman County Schools notes that 81.7% of school-age children are
living in poverty (Tennessee Department of Education, 2015). The students in special education
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accounted for approximately 8% of the VPK program students. In addition, VPK participants
who are African American (60%) and White (40%) are somewhat different to the racial
demographics of the county (56.2% white and 41.6% African American).
The Hardeman school district has been using benchmark assessments since 2010 to assist
with instructional planning and Response-to-Intervention services. The benchmark evaluation
begins in kindergarten using Renaissance Learning’s STAR Early Literacy assessment. Data is
collected for every student in the following domains: alphabetical principle, concept of word,
visual discrimination, phonemic awareness, phonics, structural analysis, vocabulary, sentencelevel comprehension, paragraph-level comprehension, and early numeracy. These scores
combine to provide an overall scaled score for each individual student. After kindergarten, all
students are assessed with STAR Reading and STAR Math. For example, STAR Reading
collects data in the areas of literature, informational text, and language, which combine to
provide composites of scaled score estimated oral reading fluency and zone of proximal
development. Similar studies with comparable measurements include the current TN-VPK
Effectiveness Study (Lipsey, Farran, & Hofer, 2015a), which uses a set of Woodcock Johnson III
achievement tests of pre-reading, language, and mathematic skills (letter-word identification,
spelling, understanding directions, applied problems, quantitative concepts, passage
comprehension, and oral comprehension).
Kindergarten and Third-grade Sample
Research permission was granted by the Director of Schools and students who attended
Pre-Kindergarten in 2011, kindergarten in 2012, and third grade in 2015 all within the same
district are identified. The sample is generated from six schools, housing a total of PreKindergarten classrooms in a rural Tennessee district that provided services under the TN-VPK
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guidelines. Enrollments from each year identified in the study are collected to determine the
participants. Pre-Kindergarten enrollment from each site is used to identify the VPK participants
in Hardeman County Schools. Kindergarten and third grade enrollments for the identified school
years are used to identify those who had completed STAR assessments in both of those years.
The population began with 329 possible enrollments. A sample is then narrowed by alleviating
those who do not have one of the year’s STAR data. The VPK participants are established
according to students who attended VPK in the district and are also enrolled in that district in
kindergarten and third grade. The non-VPK participants are established by identifying students
who are enrolled in kindergarten and third grade who did not attend the VPK program in the
district. The following sample information in Table 1 is drawn from the criterion noted above:

Table 1
Demographics of VPK and Non-VPK students
This table presents the demographic variables of VPK and non-VPK
participants. The sample selection is based on students with achievement data
for the 2013 school year in kindergarten and 2015 school year in third grade.
Obs
Student Characteristics
A. Gender

VPK

Non-VPK

54
43
97

37
46
83

80
17
97

60
23
83

58
39
97

44
39
83

45
38
14
97

39
26
18
83

180
Female
Male
Subtotal

B. SES status
Educationally Disadvantaged
Non-Educationally Disadvantaged
Subtotal

180

C. Nonwhite

180
Nonwhite
White
Subtotal

D. Rural locale

180
Rural Fringe
Rural Distant
Rural Remote
Subtotal
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Data consist of archived student scores from Renaissance Learning’s STAR Early
Literacy (phonics in particular), STAR Reading, and STAR Math assessments. These
assessments are part of a district-wide initiative to measure benchmarks throughout the school
year. The data are collected through the local Student Information System (Synergy) and a
district administrator report generator from Renaissance Learning. Individual student data are
obtained for STAR Early Literacy/Numeracy for the 2012 school year (kindergarten) and from
STAR Reading and STAR Math for the 2015 school year (third grade).
Instrumentation
Table A1 see (Appendix A) provides a list of all the variables by which the achievement
data in math and reading are categorized and defined. As a case in point, student achievement in
the third grade is measured using Star Reading and Star Math "scale scores." The most
important score that STAR Reading and Math software reports is called the scaled score. A raw
score can be interpreted only in terms of a particular set of test items. Unlike raw scores, scale
scores can be interpreted across different sets of test items. Scale scores allow direct comparisons
of student performance between specific sets of test items from different test administration. A
scale score is a conversion of the raw score onto a scale that is common to all test forms for that
assessment. The scale score takes into account the difficulty level of the specific set of test items
on which it is based. It quantifies a student's performance relative to scaled scores. The scaled
scores for Star Reading and Math range from 0 to 1400, which correspond to percentiles in the
following way: at/above (40th percentile); on watch (below 40th percentile); intervention (below
25th percentile); and urgent intervention (below 10th percentile).
The STAR Reading and Math is a computer-adaptive test marketed by the Renaissance
Learning Company. Built for the Common Core State Standards (CCSS), the STAR Reading test
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has four domains, namely, foundational; language, literature, and informational text
(Renaissance Learning, 2010a, p. iii). The STAR Math test contains four domains: Numbers and
Operations; Algebra; Geometry and Measurement and Data Analysis; and Statistics and
Probability (Renaissance Learning, 2010b, p. 5).
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Chapter 4
Results
Tables 1 and 2 provide some summary statistics for the variables that are used in the
analysis. Table 1 presents the breakdown of demographic characteristics of VPK and non-VPK
participants by gender, SES status, nonwhite status and rural locale. Table 2 reports means and
standard deviations for the entire sample. The sample selection is based on students with
achievement data for the 2013 school year in kindergarten and the 2015 school year in third
grade. During the sample period, 57% of the students are African Americans and 78% are lowincome students. In terms of rural locales, 46.67% are located in rural fringe, 35.56%t are located
in rural distant, while the remaining 17.78% are located in rural remote. 50.56% are girls and
49.44% are boys. At kindergarten, the average age is 5.65 with a standard deviation of 0.48.
Table 2 also shows the summary achievement statistics in kindergarten and third grade
for reading and math. The mean STAR scaled score in kindergarten is 570 with a standard
deviation of 87.7. The mean phonics score on the STAR Early Literacy test is 66 with a standard
deviation of 15. The mean score in STAR Early Numeracy test is 66 with a standard deviation of
15. For the norm-referenced scores in third grade reading (STAR Reading), scale scores have a
mean of 451, grade equivalent has a mean of 4, percentile rank has a mean of 52 and normal
curve equivalent (NCE) has a mean of 51. In terms of the five content domains, oral reading
fluency has a mean of 105, foundational skill has a mean of 86, literature has a mean of 83,
informational text has a mean of 83, and language has a mean of 85. For the norm-referenced
scores in third grade math (STAR Math), scale scores have a mean of 616, grade equivalent has a
mean of 4.3, percentile rank has a mean of 61 and NCE has a mean of 57. In terms of the five
content domains, numbers and operations in base ten has a mean of 59, numbers and operations
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in fractions has a mean of 45, algebra has a mean of 77, measurement has a mean of 46, and
geometry has a mean of 85.
Table 2
Summary Statistics
This table presents the summary statistics for the variables that are used in the analysis.
Variables are described in Table 1.
Student Characteristics
Gender
Nonwhite
SES
Rural locale
Age
Kindergarten Academic Performance Measures
Scaled Score_K
Early Numeracy Score_K
Phonics Score_K
Third Grade Reading Performance Measures
Scaled Score_3rdReading
Grade Equivalent_3rdReading
Percentile Rank_3rdReading
Normal Curve Equivalent_3rdReading
Estimated Oral Reading Fluency_3rdReading
Foundational Skills_3rdReading
Literature_3rdReading
Informational Text_3rdReading
Language_3rdReading
Third Grade Math Performance Measures
Scaled Score_3rdMath
Grade Equivalent_3rdMath
Percentile Rank_3rdMath
Normal Curve Equivalent_3rdMath
Numbers & Operations in Base 10_3rdMath
Numbers & Operations in Fractions_3rdMath
Operations & Algebra_3rdMath
Measurement & Data_3rdMath
Geometry_3rdMath

Obs

Mean Std. Dev.

180
180
180
180
180

1.500
0.567
0.778
1.711
5.654

0.501
0.497
0.417
0.751
0.476

180
180
180

570.083
65.917
44.789

87.704
15.307
14.831

180
180
180
180
180
180
180
180
180

442.328
3.945
50.128
50.197
105.089
86.533
83.150
82.606
84.822

151.637
1.341
27.096
21.752
34.286
17.487
19.172
19.495
17.770

180
180
180
180
180
180
180
180
180

615.994
4.318
60.689
57.170
59.257
45.480
77.011
45.575
85.246

91.189
1.121
28.952
20.956
20.967
19.444
18.095
17.827
15.743

As shown in Table 3, there is no statistically significant difference in the STAR scaled
scores in kindergarten between the two means of VPK participants and non-VPK participants.
The means of both groups are also statistically not significant when comparing the phonics
scores on the STAR Early Literacy test and the results on the STAR Early Numeracy test. Table
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3 also shows no statistically significant differences in norm-referenced scores in third grade
reading (STAR Reading) between means from two separate groups of participants.
By contrast, the differences between the means of all the norm-referenced scores in third
grade math (STAR Math) are statistically significant, with VPK participants recording
significantly higher norm-referenced scores when compared to non-VPK participants. The
results are similar when examining the five content domains. There is statistically significant
difference between the means of both groups.
Table 3
Comparison of Means Tests
This table presents the comparison of means tests for the achievement outcome measures that are used in the study. All of the
variables are described inTable 1. Panel A presents the statistics for VPK and non-VPK participants.
Panel A. VPK and non-VPK Participants
VPK
Kindergarten Achievement Outcome Measures
Scaled Score_K
Early Numeracy Score_K
Phonics
Third Grade Reading Achievement Outcome Measures
Scaled Score_3rdReading
Grade Equivalent_3rdReading
Percentile Rank_3rdReading
Normal Curve Equivalent_3rdReading
Estimated Oral Reading Fluency_3rdReading
Foundational Skills_3rdReading
Literature_3rdReading
Informational Text_3rdReading
Language_3rdReading
Third Grade Mathematics Achievement Outcome Measures
Scaled Score_3rdMath
Grade Equivalent_3rdMath
Percentile Rank_3rdMath
Normal Curve Equivalent_3rdMath
Numbers & Operations in Base 10_3rdMath
Numbers & Operations in Fractions_3rdMath
Operations & Algebra_3rdMath
Measurement & Data_3rdMath
Geometry_3rdMath

Non-VPK

p-value

577.650
67.412
46.093

561.241
64.169
43.265

0.212
0.157
0.203

450.784
4.030
52.000
50.616
107.320
88.423
85.134
84.639
86.722

432.446
3.846
47.940
49.707
102.482
84.325
80.831
80.229
82.602

0.420
0.360
0.318
0.781
0.347
0.117
0.134
0.131
0.121

630.876
4.482
64.845
60.254
62.639
48.175
80.072
48.062
88.082

598.602
4.125
55.831
53.566
55.256
42.293
73.390
42.634
81.890

0.018
0.033
0.037
0.032
0.019
0.043
0.013
0.042
0.008

The study shows the ATE estimation results in the third grade reading achievement
(STAR Reading) outcomes in Table 4. As shown in Table 4 Panel A, the results suggest that
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VPK participation has significant impact on norm-referenced scores, namely scale scores, grade
equivalent and percentile rank. As well, the bottom part of Table 4 Panel B shows that the tests
for independent equations (namely the lack of self-selection) are rejected for each specification
at the 1% significance level. In addition, the correlation coefficient between the error terms of
the two equations (Equations 2a and 2b) is statistically significant at 1% level of confidence and
negative, implying that the OLS coefficients on the VPK participation dummy are biased
downward. Thus, the average treatment effects (ATE) is the correct model to use in analyzing
the linkage between VPK participation and third grade reading achievement outcomes.
Intuitively, the negative correlation coefficient indicates that there is a negative correlation
between VPK participation and third grade reading achievement outcomes. For example, parents
of children may be more inclined to participate in the VPK program if they feel that their
children will underperform in subsequent grade levels (i.e., kindergarten to third grade).
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Table 4
Reading Achievement
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are
described in Table 1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure
the reading achievement outcomes, and the main variable of interest in these regressions is the VPK participant indicator variable. Panel
B presents the results for the treatment equation that predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A.

(I)
0.705
[0.000]***

STAR
STAR Grade
Percentile
Equivalent (3rd
Rank (3rd
Grade
Grade
Reading)
Reading)
(II)
(III)
0.006
0.110
[0.000]***
[0.000]***

Gender

-11.699
[0.646]

-0.090
[0.705]

-3.194
[0.554]

4.452
[0.141]

Nonwhite

-69.800
[0.024]**

-0.591
[0.040]**

-13.178
[0.046]**

-5.580
[0.116]

SES

-87.511
[0.008]***

-0.887
[0.004]***

-18.316
[0.009]***

-4.872
[0.223]

Rural locale

1.192
[0.950]

0.052
[0.769]

1.477
[0.716]

-0.405
[0.849]

Age

-19.778
[0.501]

-0.047
[0.860]

1.412
[0.814]

-9.246
[0.028]**

VPK Participant

250.835
[0.000]***

2.503
[0.000]***

61.362
[0.000]***

-5.920
[0.596]

Constant

128.550
[0.469]

0.506
[0.756]

-32.902
[0.342]

59.971
[0.032]

(I)
0.355
[0.056]*

(II)
0.319
[0.076]

Nonwhite

0.206
[0.338]

0.180
[0.390]

0.167
[0.400]

0.157
[0.503]

SES

0.393
[0.085]*

0.412
[0.062]*

0.484
[0.019]**

0.382
[0.116]

Rural locale

0.009
[0.948]

-0.030
[0.823]

-0.082
[0.523]

-0.014
[0.965]

Age

-0.634
[0.002]***

-0.550
[0.006]***

-0.501
[0.007]***

-0.764
[0.002]***

2.472
[0.025]**
180
-0.995
0.000
0.0000

3.921
[0.005]***
180
0.132
0.791
0.0000

STAR Scaled
Score (3rd
Grade
Reading)
Scaled Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.326
[0.056]*

3.060
2.698
[0.011]**
[0.021]**
N
180
180
rho
-0.925
-0.953
Wald test of indep. Eqns.: Prob > chi2
0.011
0.013
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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STAR NCE
(3rd Grade
Reading)
(IV)
0.088
[0.000]***

(IV)
0.248
[0.198]

Table 5 Panel A shows the results of multivariate OLS regressions for STAR Reading’s
five content domains in the third grade. STAR Reading scaled scores in kindergarten is one of
the main control variables in the OLS equation. The coefficient on the VPK participation dummy
is positive and significant at the 1% level in all content domains, both at the low end and the high
end of the reading skills spectrum.
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Table 5
Reading Achievement- 5 Domains
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are described in Table
1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure the reading achievement outcomes,
and the main variable of interest in these regressions is the VPK participant indicator variable. Panel B presents the results for the treatment equation that
predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A. Third Grade Reading Achievement- 5 Domains
STAR Oral
Reading
Fluency (3rd
Grade)
(I)
0.162
[0.000]***

STAR
Foundational
Skills (3rd
Grade)
(II)
0.085
[0.000]***

STAR
Literature (3rd
Grade
Reading)
(III)
0.096
[0.000]***

STAR
Informational
text (3rd
Grade)
(IV)
0.098
[0.000]***

Gender

-3.765
[0.535]

0.591
[0.829]

0.223
[0.942]

0.124
[0.969]

0.570
[0.837]

Nonwhite

-13.637
[0.061]**

-3.278
[0.320]

-4.268
[0.251]

-4.383
[0.248]

-3.652
[0.275]

SES

-22.153
[0.005]***

-6.496
[0.064]*

-7.777
[0.049]**

-8.048
[0.046]**

-6.921
[0.052]**

Rural locale

0.808
[0.857]

1.194
[0.557]

1.234
[0.591]

1.340
[0.568]

1.206
[0.559]

Age

-3.673
[0.609]

-7.662
[0.013]**

-7.668
[0.026]**

-7.621
[0.030]**

-7.663
[0.014]**

VPK Participation

231.753
[0.000]***

24.009
[0.000]***

28.491
[0.000]***

29.408
[0.000]***

24.636
[0.000]***

Constant

25.909
[0.560]

73.090
[0.000]***

62.545
[0.004]***

60.630
[0.006]***

70.080
[0.000]***

(I)
0.359
[0.055]*

(II)
0.266
[0.159]

(IV)
0.281
[0.133]

(V)
0.276
[0.144]

Nonwhite

0.137
[0.518]

0.093
[0.671]

0.092
[0.670]

0.096
[0.658]

0.094
[0.667]

SES

0.449
[0.045]**

0.501
[0.033]**

0.520
[0.025]**

0.521
[0.025]**

0.506
[0.031]**

Rural locale

-0.008
[0.954]

-0.010
[0.942]

-0.010
[0.944]

-0.009
[0.946]

-0.009
[0.951]

Age

-0.634
[0.002]***

-1.029
[0.000]***

-1.013
[0.000]***

-1.006
[0.000]***

-1.007
[0.000]***

5.197
[0.000]***
180
-0.884
0.000
0.0000

5.157
[0.000]***
180
-0.890
0.000
0.0000

5.177
[0.000]***
180
-0.847
0.002
0.0000

Scaled Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.284
[0.130]

3.116
5.311
[0.012]**
[0.000]***
N
180
180
rho
-0.940
-0.839
Wald test of indep. Eqns.: Prob > chi2
0.025
0.003
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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STAR
Language (3rd
Grade)
(IV)
0.088
[0.000]***

Similarly, Table 6 Panel A shows the results of multivariate OLS regressions for STAR
Reading’s five content domains in the third grade. The phonics score on the STAR Early
Literacy test (kindergarten) serves as one of the main control variables in the OLS equation. The
coefficient on the VPK participation dummy is positive and significant at the 1% level in all five
content domains.
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Table 6
Reading Achievement- 4 Domains
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are described in Table
1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure the reading achievement outcomes,
and the main variable of interest in these regressions is the VPK participant indicator variable. Panel B presents the results for the treatment equation that
predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A. Third Grade Reading Achievement- 5 Domains
STAR Oral
Reading
Fluency (3rd
Grade)
(I)
0.960
[0.000]***

STAR
Foundational
Skills (3rd
Grade)
(II)
0.504
[0.000]***

STAR
Literature (3rd
Grade
Reading)
(III)
0.571
[0.000]***

STAR
Informational
Text (3rd
Grade)
(IV)
0.579
[0.000]***

Gender

-3.787
[0.534]

0.596
[0.827]

0.232
[0.940]

0.133
[0.966]

0.576
[0.835]

Nonwhite

-13.591
[0.062]*

-3.237
[0.325]

-4.222
[0.254]

-4.337
[0.252]

-3.610
[0.279]

SES

-22.172
[0.005]***

-6.473
[0.064]*

-7.749
[0.049]**

-8.020
[0.046]**

-6.897
[0.052]**

Rural locale

0.850
[0.850]

1.215
[0.549]

1.258
[0.583]

1.365
[0.560]

1.228
[0.551]

Age

-3.714
[0.607]

-7.739
[0.012]**

-7.759
[0.024]**

-7.714
[0.028]**

-7.743
[0.013]**

VPK Participant

61.751
[0.000]***

23.868
[0.000]***

28.313
[0.000]***

29.226
[0.000]***

24.488
[0.000]***

Constant

75.209
[0.087]*

99.321
[0.000]***

92.318
[0.000]***

90.816
[0.000]***

97.134
[0.000]***

(I)
0.360
[0.055]*

(II)
0.265
[0.161]

(IV)
0.280
[0.135]

(V)
0.275
[0.146]

Nonwhite

0.136
[0.523]

0.094
[0.669]

0.092
[0.669]

0.096
[0.657]

0.095
[0.666]

SES

0.448
[0.046]**

0.501
[0.033]**

0.520
[0.025]**

0.521
[0.025]**

0.506
[0.031]**

Rural locale

-0.009
[0.947]

-0.011
[0.936]

-0.011
[0.936]

-0.011
[0.937]

-0.010
[0.943]

Age

-0.629
[0.003]**

-1.026
[0.000]***

-1.010
[0.000]***

-1.003
[0.000]***

-1.004
[0.000]***

5.183
[0.000]***
180
-0.88
0.000
0.0000

5.143
[0.000]***
180
-0.89
0.000
0.0000

5.166
[0.000]***
180
-0.85
0.002
0.0000

Phonics Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.283
[0.132]

3.089
5.300
[0.013]**
[0.000]***
N
180
180
rho
-0.94
-0.84
Wald test of indep. Eqns.: Prob > chi2
0.025
0.003
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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STAR
Language (3rd
Grade)
(IV)
0.520
[0.000]***

The data accumulated from the research indicated that the ATE estimation results in the
third grade math achievement (STAR Math) outcomes in Table 7. As shown in Table 7 Panel A,
the results suggest that VPK participation has no statistically significant impact on all normreferenced scores, namely scale score, grade equivalent, percentile rank and NCE.
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Table 7
Math Achievement
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are
described in Table 1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure
the math achievement outcomes, and the main variable of interest in these regressions is the VPK participant indicator variable. Panel B
presents the results for the treatment equation that predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A.

(I)
0.468
[0.000]***

STAR
STAR Grade
Percentile
Equivalent (3rd
Rank (3rd
Grade Math)
Grade Math)
(II)
(III)
0.006
0.139
[0.000]***
[0.000]***

Gender

-14.644
[0.265]

-0.109
[0.531]

-3.182
[0.461]

-1.487
[0.640]

Nonwhite

-18.923
[0.181]

-0.179
[0.323]

-5.711
[0.208]

-3.104
[0.366]

SES

-3.376
[0.852]

0.104
[0.673]

0.832
[0.892]

3.200
[0.463]

Rural locale

7.437
[0.368]

0.069
[0.509]

2.302
[0.372]

1.417
[0.483]

Age

-66.149
[0.004]***

-1.106
[0.001]***

-24.564
[ 0.003]**

-21.338
[0.000]***

VPK Participant

57.513
[0.452]

-0.587
[0.605]

-1.418
[0.960]

-13.995
[0.433]

Constant

700.200
[0.000]***

7.548
[0.001]***

121.293
[0.032]**

122.247
[0.001]***

(I)
0.246
[0.202]

(II)
0.242
[0.210]

Nonwhite

0.156
[0.500]

0.154
[0.512]

0.152
[0.514]

0.166
[0.482]

SES

0.413
[0.094]

0.371
[0.125]

0.385
[0.114]

0.368
[0.126]

Rural locale

-0.006
[0.968]

-0.007
[0.962]

-0.018
[0.904]

0.004
[0.977]

Age

-0.748
[0.001]***

-0.780
[0.002]***

-0.755
[0.002]***

-0.787
[0.002]***

3.881
[0.005]***
180
0.11
0.9071
0.0000

4.025
[0.005]***
180
0.54
0.6739
0.0000

STAR Scaled
Score (3rd
Grade Math)
Scaled Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.245
[0.204]

3.799
4.009
[0.004]***
[0.005]**
N
180
180
rho
-0.40
0.46
Wald test of indep. Eqns.: Prob > chi2
0.7138
0.7545
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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STAR NCE
(3rd Grade
Math)
(IV)
0.106
[0.000]***

(IV)
0.238
[0.217]

Table 8 Panel A shows the results of multivariate OLS regressions for STAR Math’s five
content domains in the third grade. STAR Math scaled scores in kindergarten is one of the main
control variables in the OLS equation. The coefficient on the VPK participation dummy is
positive and significant at the 1% level in two content domains. By contrast, the coefficient on
the VPK participation dummy is negative and insignificant in three content domains (namely,
fractions, measurement and geometry), considered at the high end of the math skills spectrum.
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Table 8
Math Achievement- 5 Domains
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are described in Table
1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure the math achievement outcomes, and
the main variable of interest in these regressions is the VPK participant indicator variable. Panel B presents the results for the treatment equation that
predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A. Third Grade Math Achievement- 5 Domains
STAR
Numbers and
Operations in
Base Ten (3rd
Grade)

STAR
Numbers and
Operations in
Fractions score
(3rd Grade)

(I)
0.105
[0.000]***

(II)
0.100
[0.000]***

STAR
Operations and
Algebraic
Thinking (3rd
Grade
Reading)
(III)
0.086
[0.000]***

Gender

-5.306
[0.095]*

-2.446
[0.456]

Nonwhite

-5.999
[0.116]

SES

STAR
Measurement
and Data (3rd
Grade)

STAR
Geometry (3rd
Grade)

(IV)
0.092
[0.000]***

(IV)
0.006
[0.000]***

-2.449
[0.341]

-2.069
[0.538]

-0.109
[-0.63]*

-3.792
[0.248]

-4.465
[0.143]

-3.416
[0.284]

-0.179
[0.323]

-3.612
[0.379]

1.083
[0.816]

-2.327
[0.483]

0.870
[0.858]

0.104
[0.673]

Rural locale

1.412
[0.543]

1.053
[0.543]

1.921
[0.300]

0.964
[0.542]

0.069
[0.509]

Age

-10.355
[0.008]***

-15.923
[0.018]**

-11.198
[0.001]***

-14.862
[0.028]**

-1.106
[0.001]***

VPK Participant

29.195
[0.000]***

-1.804
[0.938]

20.528
[0.003]***

-1.982
[0.939]

-0.587
[0.605]

Constant

48.769
[0.045]**

80.295
[0.079]

82.521
[0.000]***

79.023
[0.117]

7.548
[0.001]***

(I)
0.251
[0.185]

(II)
0.268
[0.166]

(IV)
0.268
[0.167]

(V)
0.242
[0.210]

Nonwhite

0.224
[0.324]

0.189
[0.422]

0.171
[0.453]

0.190
[0.422]

0.154
[0.512]

SES

0.440
[0.067]*

0.393
[0.109]

0.453
[0.061]*

0.392
[0.113]

0.371
[0.125]

Rural locale

0.069
[0.640]

0.000
[0.998]

0.028
[0.848]

0.001
[0.995]

-0.007
[0.962]

Age

-0.743
[0.001]***

-0.786
[0.001]***

-0.852
[0.001]***

-0.786
[0.001]***

-0.780
[0.002]***

4.293
[0.001]***
180
-0.70
0.2269
0.0000

3.997
[0.004]***
180
0.15
0.9175
0.0000

4.009
[0.005]***
180
0.46
0.7545
0.0000

Scaled Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.235
[0.223]

3.599
3.997
[0.005]***
[0.004]***
N
180
180
rho
-0.80
0.13
Wald test of indep. Eqns.: Prob > chi2
0.1592
0.9024
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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Similarly, Table 9 Panel A presents the results of multivariate OLS regressions for STAR
Math’s five content domains in the third grade. STAR Early Numeracy test in kindergarten is
one of the main control variables in the OLS equation. The coefficient on the VPK participation
dummy is positive and significant at the 1% level in only one content domain, namely algebra.
By contrast, the coefficient on the VPK participation dummy is negative and insignificant in
three content domains (namely, numbers and operations in base ten, fractions and measurement).
The coefficient on the VPK participation dummy is positive and insignificant in the geometry
domain.
The results across all tables in the selection equation and the outcome equation reveal
consistent patterns of the influence of age and SES variables. The negative impact of age on
VPK participation implies that relatively younger children are less likely to enroll in the VPK
program. On the other hand, the negative effect of age on achievement outcomes in third grade
reading and math implies that relatively younger children are associated with a negative impact
on achievement. In addition, there is a positive influence of low SES on VPK participation
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Table 9
Math Achievement- 5 Domains
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the paper. All of the variables are described in Table
1. Panel A presents the results of the structural equation (Equation 2a in the text). The dependent variables measure the math achievement outcomes, and
the main variable of interest in these regressions is the VPK participant indicator variable. Panel B presents the results for the treatment equation that
predicts the probability of receiving treatment (Equation 2b in the text).
PANEL A. Third Grade Math Achievement- 5 Domains
STAR
Numbers and
Operations in
Base Ten (3rd
Grade)

STAR
Numbers and
Operations in
Fractions score
(3rd Grade)

(I)
0.592
[0.000]***

(II)
0.551
[0.000]***

STAR
Operations and
Algebraic
Thinking (3rd
Grade
Reading)
(III)
0.509
[0.000]***

Gender

-2.534
[0.485]

-2.740
[0.415]

Nonwhite

-4.200
[0.238]

SES

STAR
Measurement
and Data (3rd
Grade)

STAR
Geometry (3rd
Grade)

(IV)
0.508
[0.000]***

(IV)
0.033
[0.000]***

-3.146
[0.231]

-2.286
[0.493]

-0.142
[0.421]

-4.281
[0.200]

-4.823
[0.121]

-3.813
[0.231]

-0.211
[0.243]

1.313
[0.799]

1.108
[0.817]

-2.650
[0.429]

0.988
[0.837]

0.088
[0.723]

Rural locale

1.477
[0.426]

1.064
[0.545]

1.951
[0.306]

0.976
[0.544]

0.070
[0.501]

Age

-18.838
[0.013]**

-15.902
[0.022]**

-10.543
[0.001]***

-15.007
[0.038]**

-1.074
[0.001]***

VPK Participant

-3.264
[0.901]

-2.847
[0.906]

22.306
[0.000]***

-3.538
[0.889]

-0.528
[0.651]

Constant

128.671
[0.012]

101.737
[0.030]**

94.062
[0.000]***

99.751
[0.042]**

8.532
[0.000]***

(I)
0.266
[0.171]

(II)
0.268
[0.167]

(IV)
0.268
[0.167]

(V)
0.243
[0.207]

Nonwhite

0.192
[0.419]

0.191
[0.420]

0.179
[0.429]

0.193
[0.420]

0.158
[0.502]

SES

0.390
[0.111]

0.392
[0.109]

0.452
[0.059]*

0.390
[0.112]

0.374
[0.122]

Rural locale

0.004
[0.978]

0.002
[0.989]

0.033
[0.822]

0.004
[0.981]

-0.007
[0.962]

Age

-0.790
[0.001]***

-0.788
[0.001]***

-0.860
[0.000]***

-0.788
[0.001]***

-0.775
[0.002]***

4.331
[0.001]***
180
-0.75
0.13
0.0000

4.005
[0.004]***
180
0.21
0.8832
0.0000

3.973
[0.005]**
180
0.42
0.7659
0.0000

Early Numeracy Score_K

PANEL B. Treatment Equation
Dependent Variable
Gender

Constant

VPK Participation
(III)
0.227
[0.237]

4.016
4.002
[0.004]***
[0.004]***
N
180
180
rho
0.21
0.1728752
Wald test of indep. Eqns.: Prob > chi2
0.8973
0.88
Overall Fit of the Model: Prob > chi2
0.0000
0.0000
*** Significant at the 0.01 level, ** Significant at the 0.05 level, * Significant at the 0.10 level.
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Summary
The above findings confirm existing beliefs and evidence about the potential value of
providing early childhood learning experiences. The ATE results (Tables 3 to 10) reveal some
important patterns. First, the study finds a positive and statistically significant relationship
between kindergarten achievement scores and third grade achievement in reading and math.
Second, VPK participation has a particularly strong and positive impact on third grade reading
achievement. Specifically, the coefficient on the VPK participation dummy is positive and
significant at the one percent level, both at the low end and the high end of the reading skills
spectrum. Third, on the whole the ATE results find no statistically significant relationship
between VPK participation and third grade math achievement. In particular, the coefficient on
the VPK participation dummy is positive and significant at the 1% level in only two content
domains, namely numbers/operations and algebra.
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Chapter 5
Summary and Conclusions
The predominant literature analyzing the impact of prekindergarten programs relies on
non-experimental data where the potential exists for non-random self-selection into treatment on
the basis of student-specific characteristics/attributes. In the case of Vanderbilt University’s
evaluation of the TN-VPK program, randomization is used to ensure that the children applying to
program are admitted on a random basis. However, when randomization is not feasible as in this
study --- owing to data constraints ---researchers must rely on non-experimental or observational
data. The econometric literature on education program evaluation has witnessed profound growth
in this area over the past few decades. In this study, an average treatment effect (ATE) model is
used to identify the causal effect of participation in the VPK program in Hardeman County,
Tennessee. Under this approach, self-selection is mitigated by modeling the treatment equation
(i.e., the probability of receiving treatment) together with the structural outcome equation (OLS).
The study restricts the sample to VPK and non-VPK participants with complete reading and
math scores for the 2012 school year in kindergarten and 2015 school year in third grade. The
final sample is obtained from 180 students representing six different rural schools.
The following research questions are central to the empirical part:
1. Is there a significant difference in norm-referenced scores in STAR Math and
STAR Reading between third grade students who attended VPK and those
who did not?
2. Is there a significant difference in each of the five reading domains of the
STAR Reading between third grade students who attended VPK and those
who did not?
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3. Is there a significant difference in each of the five math domains of the STAR
Math between third grade students who attended VPK and those who did not?
4. What is the average treatment effect of VPK participation on reading and
math achievement outcomes in the third grade, as proxied by STAR Reading
and Math norm-referenced scores?
5. What is the average treatment effect of VPK participation on STAR Reading’s
five content domains in the third grade?
6. What is the average treatment effect of VPK participation on STAR Math's
five content domains in the third grade?
In summary, the ultimate goals of this study were to: (1) assist in determining if there was
a significant difference in kindergarten scores of those who attended pre-kindergarten and those
who did not, (2) analyze particular characteristics of the sample to determine potential impact on
reading and math performance, and (3) investigate the correlation of self-selection bias and the
impact it may have on participation and performance. The statistical techniques used for this
research were found to be statistically sound, consistent, and reliable. Summarizations of the
findings are presented in the next two sections.
Impact on Reading Achievement- Research Questions 1, 2, 4, and 5
Reading data analysis from this research indicates from the comparison of means test that
there was no effect on Kindergarten Early Literacy scores or third grade STAR Reading scores
based on whether or not a subject attended Pre-k. The t-test analysis used Pre-k participation as
the dependent variable. The study included two additional levels of analysis. Next, the average
treatment effect model was applied using effects of Pre-k participation and then a second
equation was implemented to reduce self-selection bias. Accounting for selection bias, the results
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of the ATE estimates suggest that VPK participation has a significant impact on norm-referenced
scores, namely scale scores, grade equivalent and percentile rank. The coefficient on the VPK
participation dummy is positive and significant at the 1% level, both at the low end and the high
end of the reading skills spectrum.
In third grade, based on scaled scores, VPK participants have significantly higher
achievement scores in fluency, foundational skills, and literature. However, when the phonics
score is used as the control variable, there was significant impact from Pre-k participation in all
five reading domains--- oral reading fluency, foundational skills, literature, informational text
and language. A majority of the characteristics of the sample population show that VPK
participation had a positive effect on both performance outcome measures and domain scores,
while socioeconomic status and age had negative effects.
The findings of this study are consistent with others regarding the gains of Pre-k
participants. For example, a Texas study by Huston, Gupta, and Schexnayder (2012) found little
effect based on demographics and that the greatest gains were made by the most disadvantaged
students. Another study on Arkansas Better Change Program found significant positive effects in
receptive vocabulary and math through grade 2 and on literacy through grade 3 (Barnett, Jung,
Hustedt, & Francis, 2013).
Impact on Math Achievement - Research Questions 1, 3, 4, and 6
The t-tests for the comparison of means test was conducted at the kindergarten and third
grade levels. In kindergarten, the STAR Early Numeracy score was analyzed by participation
and resulted in an effect size of 0.157 which is outside the significance level of 0.05. The third
grade math scores reveal statistically significant differences between VPK and non-VPK in all
areas of performance measures – both outcome scores (scaled score, grade equivalent, percentile
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rank, and NCE) as well as domain level scores. In regards to observed characteristics, age was
the only variable that demonstrated a significant impact on all performance measure outcomes.
VPK participation had an effect in Number and Operations Base Ten and Algebraic Thinking.
Gender had significance in the areas of Number and Operations Base Ten and Geometry. No
other significance was identified in the mathematics analysis.
Accounting for selection bias, the average treatment effect results suggest that VPK
participation does not provide any influence on third grade math achievement. In particular, the
regression estimates suggest that VPK participation has no statistically significant impact on all
norm-referenced scores, namely scale score, grade equivalent, percentile rank and NCE. The
impact on third grade STAR Math in five math domains is mixed. Specifically, the coefficient on
the VPK participation dummy is positive and significant at the 1% level in two content domains,
namely numbers/operations and algebra. With STAR Early Numeracy test in kindergarten as a
control variable, VPK participants have significantly high achievement scores in only one math
domain (namely, algebra). In general, age had a negative effect on math performance
These findings are consistent with other studies that have found no positive effect of
prekindergarten experience on third grade math achievement. Consistent with the findings
obtained by researchers from Vanderbilt University's Peabody Research Institute, there is zero
effect of attending TN-VPK program on third grade math academic performance. While the
children who attended TN-VPK made significant gains on tests of basic math and literacy skills
by the end of their pre-K year, the positive effects on academic achievement in the later grades
have disappeared for VPK participants. This study from Vanderbilt confirms the "fadeout" in
cognitive gains observed in studies of other early childhood interventions.
Implications
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Almost any choice-based program such as VPK may produce bias. In Tennessee,
preschool age children are not required to attend public schools. Because parents are allowed to
choose, those who are more motivated, better informed, and more optimistic with respect to the
intended learning outcomes are more likely to participate in the VPK program. The results of this
study deemed the programming to be productive even with mixed results from the two statistical
models and limitation on non-observed characteristics. Data analysis also confirmed similar
results to components of the Vanderbilt study regarding fade-out effect and math and reading
performance outcome effects.
With such data, non-random selection of participants into the treatment group becomes a
paramount concern. In this study, the correlation coefficient between the error terms of the ATE
model (Equations 2a and 2b) is statistically significant at 1% level of confidence and negative,
thus confirming the presence of self-selection on VPK participation. The negative correlation
coefficient also implies that there is a negative correlation between VPK participation and third
grade reading achievement outcomes. The result can be interpreted to mean that parents of
children may be more inclined to participate in the VPK program if they feel that their children
will underperform in subsequent grade levels (i.e., kindergarten to third grade). This finding is
consistent with a study by Chen and Pereyra (2015) which finds that students from low-income
backgrounds tend to be pessimistic about their future academic performance, resulting in higher
probability of self-selection into the program.
The explanatory variables that are included in the treatment equation (equation 2b) are
SES status, gender, age, location (rural locale) and nonwhite status (race). These variables have
been used in prior studies to capture the influence of student background characteristics on
participation in school choice programs (VPK). As a case in point, the negative influence of age
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on VPK participation implies that relatively younger students are less likely to enroll in the VPK
program. This result supports prior work that indicates the relationship of relative age (that is, a
child's age relative to his or her peers) and parental decision on the timing of their children's
formal schooling entry, a practice similar to academic 'red-shirting' or delaying enrollment.
(Winsler et al., 2012).
Levin's framework for evaluating choice policies encapsulates the logic, values, and
issues stemming from non-random selection into the VPK program among parents. When
discussing the issue of equity, it is important to determine for whom it is being considered. In
this study, the positive influence of low SES on VPK participation supports evidence from other
contexts that parents with low socioeconomic background are motivated to exercise their choice
options. As a state compensatory prekindergarten program, the TN-VPK in general and the
Hardeman County School’s VPK program in particular is interesting because of its design
features, which are intended to promote educational equity and inclusion, such as using a tiered
admission process and instituting first come, first serve admissions to children from low-income
families. Any remaining seats in a given location are then allocated to otherwise at-risk children
including those with disabilities and limited English proficiency. For many of these children,
VPK will serve as their academic foundation. For many parents, participation in the VPK
program will be the first opportunity they have to exercise freedom of choice in education.
Consistent with prior findings, this study finds that self-selection into the VPK program happens
among participants from low socio-economic backgrounds. As complements to the issue of
equity, the issue of freedom of choice are addressed in terms of who chooses and receives the
benefits of choice. In this study, the components of equity and freedom of choice include
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identification of the particular distinctions among populations that are the focus of equity such as
race, nonwhite status (race), SES status, gender, and rural locales (geographical location/region).
This study has several limitations that must be kept in mind while interpreting the results.
The variables included in the ATE models are key variables identified from literature –
nevertheless, they do not form a comprehensive list of variables affecting prekindergarten (VPK)
participation. The decision is mostly attributable to the lack of access to such information for
each individual student.
In addition, this study does not have pre-treatment variables for VPK participants, and is
a clear limitation of the data. Unfortunately, random assignment and pre-treatment variables are
not possible in this study. A potential concern associated with the analysis is that the VPK and
non-VPK participants would not be comparable in kindergarten and third grade on variables that
the literature has claimed to be important drivers of high/low academic performance. To alleviate
the bias that results from the non-random participation of students in the VPK program, this
study builds a treatment effects model that is developed specifically to analyze the dummy
endogenous variables (Angrist, 2004; Heckman, 1976, 1978).
Recommendations
Recommendations arising from this study fall into two categories: those which have
application for policy and practice regarding the Voluntary Pre-Kindergarten program in the
rural Hardeman County School District and recommendations for further research. The
recommendations for policy and practice are related to the continuation of applying for TN-VPK
funding for Hardeman County Schools and for the continued development of curriculum and
other annual planning tools such as professional development and application compliance. The
increased rigor in the TN-VPK application process and continued justification for funding make
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the implications of performance measurements an integral part of the program. The identification
of the effects of student characteristics and multiple achievement outcome measures on
participation in the program provides data for policy decisions.
1. Hardeman County Schools should continue to complete the annual application for
funding of the ten VPK classrooms in the district. An analysis of subgroups indicates
that economically disadvantaged and age characteristics were significantly impacted
by participation in the VPK program. These subgroups represent two of the three
current tiered requirements (economically disadvantaged status, special education
services, and age) for enrollment.
2. Hardeman County Schools should monitor VPK enrollments and waiting lists to
determine if there is an unfilled need in the different school zones regarding the
subgroups to which the program is geared, specifically economically disadvantaged.
3. Hardeman County Schools should conduct a VPK curriculum review to determine
vertical support and alignment to primary grades reading and math standards.
4. Hardeman County Schools should implement benchmark assessments to monitor
growth during the Pre-Kindergarten year. Monitoring performance can provide
integral data to help teachers plan at an appropriate pace and differentiate the
curriculum as needed for optimal performance outcomes.
Providing an early childhood learning opportunity to students based on a tiered approach
of enrollment (economically disadvantaged, special education placement, and age) has benefits
that would not likely otherwise be available in this rural area. This study has several limitations
that must be kept in mind while interpreting the results. The variables included in the ATE
models are key variables identified from literature –nevertheless, they do not form a
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comprehensive list of variables affecting Pre-Kindergarten (VPK) participation. The decision is
mostly attributable to the lack of access to such information for each individual student. The
difficulty in this type of study is the limitation that it is not possible to measure the same
population of students had they not attended VPK. However, by using the average treatment
effect test it is possible to gauge some prediction of the effects.
Recommendations for Further Research
Recommendations for further research based on the findings of this study are based in
areas of outcome measures and demographic characteristics. The researcher recommends
modeling this study in another rural school district with similar demographics and programming.
In addition, a study conducted in an urban setting would provide another baseline for
comparison. Limited research is available on early childhood education in rural areas in the
United States. The Rural Education Action Program through Stanford University and the
Freeman Spogli Institute for International Studies reports that in China there is a “gaping
disparity in ECE between urban and rural areas.” Part of this dissemblance is attributed to lower
participation rates and lack of highly effective instruction in rural areas of China. This supports
the need for further research in the rural areas to include other characteristics of participation as
well as comparison of student performance measures in regards to urban and rural samples.
Since there is inadequate, validated research available for student performance in a rural
school setting this study contributes to the fields of both rural education and early childhood
learning. Vanderbilt University conducted a longitudinal study of TN-VPK using a randomized
control trial. While this study supports the contributions of that research, it is not a replication. In
1998, Glen Israel provided analysis of data from the U.S. Department of Education’s Early
Childhood Longitudinal Study (ECLS). This analysis composed a sample size of 9,934 students
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and monitored reading and math gains from autumn of kindergarten and kindergarten to first
grade. When disaggregating residential location, the following categories were established: large
city, mid-size city, large suburb, mid-size suburb, large and small towns, and rural. Of all groups,
rural experienced the lowest gains (Devarics, 2005). This emphasizes the need for further
students to contribute to the potential effects and impacts of Pre-kindergarten programs on
school readiness and student performance outcomes.
Research has been conducted around urban district and experiences of VPK programs.
However, specifically tracking the longitudinal scores over a period of school years in an urban
area would provide comparative data regarding geographic locales. Another proposed study to be
conducted could also include other sample population characteristics such as impact of home,
parent education level, attendance, discipline, and teacher effectiveness levels.
Further research could be conducted that focused on the outcome performance measures
at multiple levels. An assessment that measures the Pre-Kindergarten year specifically would be
beneficial. Not only would this assessment provide growth data, it would provide information to
educators, students, and parents regarding the learning and development toward goals. Barnett
(2008), also recommended regular assessment in a study conducted through Arizona State
University. The current study could be extended and the same data analyzed in the eighth grade
using the sample population. Another proposed study could replicate the framework of the
Vanderbilt study (Lipsey et al, 2015b). STAR Reading and Math scores could be analyzed
longitudinally in first grade, second grade, and third grade to determine potential impacts and
fade out effects.
The United States lags behind other countries, those who outperform American students
as well as those who do not, in early childhood learning program participation (Herman, Post, &
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O’Halloran, 2013). In addition, most of the early childhood learning programs in the United
States, both universal and voluntary, typically begin around age 4. Barnett (2008) reviewed
studies that included age as a factor of performance outcomes and recommended that “expanding
access to children under four… and preschool education policy should be developed in the
context of comprehensive public policies and programs to effectively support child development
from birth to age five and beyond.” This study could be expanded to include the early childhood
learning experiences of the population from birth.
The recommendations offered in this study are based in the results that VPK has some
impact on third grade performance outcome measures. By offering early childhood learning in a
rural area where students have limited opportunities to attain school readiness skills, VPK can
provide foundations that would otherwise most likely not be available. The key purpose of this
study is to determine if there is significance in participation and then to identify any areas where
the statistical difference is stronger than others. Due to the significance of the achievement
outcomes in several reading domains, this supports the need for VPK programs in Hardeman
County Schools.
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Table A1: Variable Names and Definitions
This table presents the variable names and definitions.
Variable

Definition

Gender

a dummy variable to indicate whether or not a participant
is female (coded 1) or male (coded 0).

Nonwhite

a dummy variable to indicate whether or not a participant
is nonwhite (coded 1) or white (coded 0).

Age

a dummy variable to indicate whether or not a student
participated in the VPK program or not.

VPK

a dummy variable to indicate whether or not a student
participated in the VPK program or not.

Rural locale

a categorical variable to indicate different rural locales: 1
= rural fringe; 2 = rural distant; 3 = rural remote

SES

Socio-economic status (according to Title I status)

Scaled Score_K

STAR Scaled Score from kindergarten year. *A scaled
score is calculated based on the difficulty of questions
and the number of correct responses. Because the same
range is used for all students, scaled scores can be used
to compare student performance across grade levels.
STAR Reading scaled scores range from 0 to 1400. All
norm-referenced scores are derived from the scaled
score.

Phonics Score_K

STAR Phonics score (kindergarten). * This score
assesses a student’s understanding of short, long, and
variant vowels and other vowel sounds; initial and final
consonants; consonant blends and digraphs; consonant
and vowel substitution; and identification of rhyming
words and sounds in word families.

Early Numeracy Score_K

STAR Early Numeracy score (kindergarten). *This score
assesses a student’s ability to identify and name
numbers; understand number-object correspondence;
complete sequences; compose and decompose groups of
up to ten; and compare sizes, weights, and volumes.
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Table A1: Variable Names and Definitions
Variable

Definition

Scaled Score_3rdReading

STAR Scaled Score (3rd grade reading). *A scaled score
is calculated based on the difficulty of questions and the
number of correct responses. Because the same range is
used for all students, scaled scores can be used to
compare student performance across grade levels. STAR
Reading scaled scores range from 0 to 1400. All normreferenced scores are derived from the scaled score.

Grade Equivalent_3rdReading

STAR Grade Equivalent (3rd grade reading). *GE is a
norm-referenced score that represents how a student’s
test performance compares with other students
nationally.
STAR Percentile Rank (3rd grade reading). *Percentile
rank is a norm-referenced score that provides a measure
of a student’s reading ability compared to other students
in the same grade nationally. The percentile rank score,
which ranges from 1 to 99, indicates the percentage of
other students nationally who obtained scores equal to or
lower than the score of a particular student.

Percentile Rank_3rdReading

Normal Curve
Equivalent_3rdReading

STAR Normal Curve Equivalent score (3rd grade
reading). *NCE is a norm-referenced score that is
similar to percentile rank, but is based on an equal
interval scale. This means the difference between any
two successive scores on the NCE scale has the same
meaning throughout the scale. NCEs are useful in
making comparisons between different achievement tests
and for statistical computations—for example,
determining an average score for a group of students.
NCE scores range from 1 to 99 and are mostly used for
research.
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Estimated Oral Reading
Fluency_3rdReading

STAR Estimated Oral Reading Fluency (3rd grade
reading). *EORF is an estimate of a student’s ability to
read words quickly and accurately in order to
comprehend text efficiently. Students with oral reading
fluency
demonstrate accurate decoding, automatic word
recognition, and appropriate use of the rhythmic aspects
of language (e.g., intonation, phrasing, pitch, and
emphasis). Est. ORF is reported in correct words per
minute, and is based on a known relationship between
STAR Early Literacy performance and oral reading
fluency. For instance, the score interpretation for a
second-grade student with an Est. ORF score of 60
would be that the student is expected to read 60 words
correctly within one minute on a passage with a
readability level between 2.0 and 2.5. STAR Early
Literacy reports estimated oral reading fluency only for
grades 1–3.
STAR Foundational Skills score (3rd grade reading).
This score represents a score based in the areas of
phonics, word recognition, and fluency.

Foundational Skills_3rdReading

Literature_3rdReading

STAR Literature domain score (3rd grade reading). This
score represents performance in the areas of key ideas
and details, craft and structure, integration of knowledge
and ideas, range of reading and level of complexity as it
specifically relates to literature type text.

Informational Text_3rdReading

STAR Informational text domain score (3rd grade
reading). This score represents performance in the areas
of key ideas and details, craft and structure, integration
of knowledge and ideas, range of reading and level of
complexity as it specifically relates to information text.

Language_3rdReading

STAR Language domain score (3rd grade reading). This
score represents performance level based in the area of
vocabulary acquisition and use.

89

Table A1: Variable Names and Definition
Variable

Definition

Scaled Score_3rdMath

STAR Scaled Score (3rd grade math). *Scaled score is
useful for comparing student performance over time and
across grades. A scaled score is calculated based on the
difficulty of questions and the number of correct
responses. Because the same range is used for all
students, scaled scores can be used to compare student
performance across grade levels. STAR Math scaled
scores range from 0 to 1400. All norm-referenced scores
are derived from the scaled score.

Grade Equivalent_3rdMath

STAR Grade Equivalent (3rd grade math). *GE is a
norm-referenced score ranging from 0.0 to 12.9+. It
represents how a student’s test performance compares
with that of other students nationally.

Percentile Rank_3rdMath

STAR Percentile Rank (3rd grade math). *PR is a normreferenced score that provides a measure of a student’s
math ability compared to other students in the same
grade nationally. The percentile rank score, which ranges
from 1 to 99, indicates the percentage of other students
nationally who obtained scores equal to or lower than the
score of a particular student.
STAR Normal Curve Equivalent score (3rd grade math).
*NCE is a norm-referenced score similar to percentile
rank but based on an equal interval scale. This means
that the difference between any two successive scores on
the NCE scale has the same meaning throughout the
scale. NCEs are useful in making comparisons between
different achievement tests and for statistical
computations such as determining an average score for a
group of students. NCE scores range from 1 to 99. NCEs
are used mostly for research purposes.

Normal Curve
Equivalent_3rdMath
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Numbers & Operations in Base
10_3rdMath

STAR Numbers and Operations in Base Ten score (3rd
grade math). This score includes performance in the
following areas:
Whole Numbers: Place Value
Whole Numbers: Counting Comparing, and Ordering
Whole Numbers: Addition and Subtraction
Whole Numbers: Multiplication and Division
Decimal Concepts and Operations
Powers, Roots, and Radicals

Numbers & Operations in
Fractions_3rdMath

STAR Numbers and Operations in Fractions score (3rd
grade math). This score includes performance in the
following areas:
Fraction Concepts and Operations
Decimal Concepts and Operations

Operations & Algebra_3rdMath

STAR Algebra: Operations and Algebraic Thinking
score (3rd grade math). This score includes performance
in the following areas:
Whole Numbers: Counting Comparing, and Ordering
Whole Numbers: Addition and Subtraction
Whole Numbers: Multiplication and Division
Algebraic Thinking
Evaluate Numerical Expressions

Measurement & Data_3rdMath

STAR Measurement and Data score (3rd grade math).
This score includes performance in the following areas:
Measurement
Time
Money
Geometry: Two-Dimensional Shapes and Attributes
Data Representation and Analysis
Whole Numbers: Counting, Comparing, and Ordering
Whole Numbers: Addition and Subtraction
Perimeter, Circumference, and Area
Angles, Segments, and Lines
Surface Area and Volume

91

Table A1: Variable Names and Definitions
Variable

Definition

Geometry_3rdMath

STAR Geometry score (3rd grade math). This score
includes performance in the following areas:
Geometry: Two-Dimensional Shapes and Attributes
Geometry: Three-Dimensional Shapes and Attributes
Congruence and Similarity
Fraction Concepts and Operations
Coordinate Geometry
Perimeter, Circumference, and Area
Surface Area and Volume
Angles, Segments, and Lines Transformations
Transformations
Right Triangles and Trigonometry
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